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CHAPTER I. INTRODUCTION 
Problem Statement 
Oilseeds of some kind are produced in almost every country, either 
on a small scale for meeting domestic demand, or on a large scale for 
meeting both domestic and export demand. Major oilseeds are soybeans, 
cottonseed, peanut, sunflower seed, rapeseed, and flaxseed. These 
oilseeds, along with copra and palm oil, account for more than 95 
percent of the world's commercial production of oilseeds and commodities 
containing vegetable oils. All of these oilseeds have shown a steady 
increase in production during the last two decades. However, the 
increase in soybean production has been so rapid that it has emerged as 
the most important oilseed in the world market. By 1980/81, the 
production of soybeans had increased to 80 million metric tons, consti­
tuting more than 50 percent of all oilseed production in the world. 
Despite its major role in the oilseed markets, the soybean's 
commercial production has been concentrated in only four countries, 
namely the United States (US), People's Republic of China (PRC), Brazil 
and Argentina. During the early 1960s more than 92 percent of the 
world's soybean production was in the US and the PRC. However, the 
share of the PRC has sharply decreased since then, and Brazil and 
Argentina have emerged as important producers. In the 1979/80 crop 
year, production in the US, Brazil, PRC, and Argentina accounted for 
65.5, 16.2, 8.0 and 3.9 percent of the world production, respectively 
(Table 1.1). 
Table 1.1. World production of soybeans by major producers, 1964/65-1979/1980* 
Year^ US Brazil PRC Argentina Others World US Brazil PRC Argentina 
1, 000 meteric tons 
• • $ of world production .. 
1961/65 19,075 523 6,940 17 1,745 28,300 67.4 1.8 24.5 0.1 
1965/66 23,013 595 6,840 18 1,972 32,438 70.9 1.8 21.1 0.1 
1966/67 25,270 716 6,800 20 2,236 35,042 72.1 2.0 19.4 0.1 
1967/68 26,573 654 6,950 22 2,240 36,439 72.9 1.8 19.1 0.1 
1968/69 30,128 1,057 6,480 32 2,521 40,218 74.9 2.6 16.1 0.1 
1969/70 30,838 1,509 6,200 27 2,417 40,991 75.2 3.7 15.1 0.1 
1970/71 30,675 2,077 6,900 59 2,741 42,452 72.3 4.9 16.3 0.1 
1971/72 32,008 3,700 7,900 78 2,747 46,433 68.9 8.0 17.0 0.2 
1972/73 34,580 5,011 8,700 272 2,852 51,415 67.3 9.7 16.9 0.5 
1973/74 42,116 7,876 10,000 496 3,433 63,921 65.9 12.3 15.6 0.8 
1974/75 33,102 9,892 9,500 485 3,633 56,612 58.5 17.5 16.8 0.9 
1975/76 42,113 10,810 10,000 695 4,316 67,934 62.0 15.9 14.7 1.0 
1976/77 35,043 12i200 9,000 1,400 3,679 61,322 57.1 19.9 14.7 2.3 
1977/78 48,097 9,534 7,250 2,700 4,204 72,118 66.7 13.2 10.1 3.7 
1978/79 50,859 10,236 7,565 3,700 4,454 77,363 65.6 13.2 9.8 4.8 
1979/80 61,722 15,153 7,460 3,650 5,067 93,627 65.6 16.2 8.0 3.9 
^Source: Williams (1981:3), and PAS, Foreign Agriculture Circulars, Oilseed and 
Products, various issues. 
^Split year includes Northern Hemisphere crops harvested in the last months of the 
first year shown combined with Southern Hemisphere crops harvested in the early months of the 
following year. 
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Except for small quantities of soybeans consumed in the form of 
whole beans in far east Asian countries, the demand for soybeans is 
mainly derived from the demands for soymeal and soyoil. Soymeal and 
soycil are joint products, obtained in more or less fixed proportions by 
processing soybeans. On an average processing of soybeans yields 
approximately 80 percent soymeal and 17 percent soyoil.1 
Over the years, the demand for high protein meals has increased. 
This is due to the rapid increases in intensive livestock production, 
especially in developed countries. Due to its relatively high protein 
meal content compared to other oilseeds and rapid increases in 
production, soybeans have been very popular for meeting the increasing 
demand for protein supplementation of livestock feeds. Countries that 
do not produce soybeans can either import soymeal, or import soybeans 
and process them domestically. 
The physical characteristics of soymeal make it relatively 
difficult to handle and thus more expensive to transport. Also, soymeal 
cannot be stored for a long period of time. Due to these reasons, the 
processing facilities are expected to be located close to soymeal 
consumption. However, relatively lower processing and handling costs 
due to economies of scale or improved techniques of crushing may offset 
this natural tendency. 
^There are small variations in the yields depending on the 
crushing techniques used. Newer crushing plants which are larger and 
specialized for crushing soybeans yield slightly higher proportion of 
oil. The oil content of soybeans also varies slightly from year to year 
due to variations in weather. 
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While crushing of soybeans yields soymeal and soyoil in a more or 
less a fixed proportion, the excess demand for soymeal and soyoil in 
different countries is not in a fixed proportion to each other. 
Therefore, large quantities of soybeans as well as soymeal and soyoil 
are traded in the world markets. The world exports for years 1955-1980 
are shown in Table 1.2. By 1980, the trade in soybeans and soymeal in 
terms of soybeans amounted to 49.3 million metric tons, which 
constituted about 52.6 percent of the soybeans harvested during that 
year. The exports of soyoil during the year exceeded 3 million metric 
tons. 
In 1965 the US controlled 89, 70 and 80 percent of soybeans, 
soymeal, and soyoil export markets, respectively. During 1965-71 both 
the US and Brazil gained in terms of their market shares as their 
soybean production continued to increase while Peoples Republic of China 
experienced a stagnant soybean production (Table 1.3). By 1971 the US 
controlled 95.8 percent of soybeans export market. During the period of 
1972-76 even larger increases in Brazilian soybean production were 
recorded and Brazil's market shares increased to 18.5, 31.7 and 27.3 
percent for soybeans, soymeal, and soyoil export markets, respectively. 
These gains by Brazil were mainly at the expense of the US market share. 
The US market shares in 1976 dropped to 77.8, 41.9 and 28.0 percent for 
soybeans, soymeal, and soyoil, respectively. 
Since 1976, Brazil has shifted to an emphasis on exporting soybean 
products after crushing in Brazil, and by 1980 Brazil's market share 
decreased to 2.5 percent for soybeans and increased to 28.9 percent for 
Table 1.2. World exports of soybeans, soymeal, and soyoil, 1965-80^ 
World gross exports'' (in 1,000 MT) Exports as percentage of production° 
Soybeans ^ Soybeans 
Year Soybeans Soymeal Soyoil soybeans & soymeal & soyoil® 
1965 6975 2801 691 21.7 37.0 39.0 
1966 7521 3101 513 23.2 35.2 32.5 
1967 8143 3361 673 23.2 35.2 31.5 
1968 8756 3726 598 21.0 36.8 33.7 
1969 9327 1230 668 23.2 36.3 33.0 
1970 12621 5371 1126 30.8 17.7 17.0 
1971 12282 6185 1300 28.9 17.1 17.0 
1972 13815 6517 1113 29.8 17.1 13.9 
1973 15613 8116 1061 10.1 50.0 12.5 
1971 17186 9251 1519 26.9 15.0 11.1 
1975 16159 8910 1363 29.1 18.8 13.2 
1976 19753 11310 1827 29.1 50.0 11.9 
1977 20012 11835 2101 32.6 56.8 52.8 
1978 21091 11569 2610 32.3 56.7 52.8 
1979 25170 11916 2958 32.9 56.1 55.1 
1980 26880 17916 3197 28.7 52.6 18.8 
^Source: FAS, Foreign Agriculture Circulars, Oilseeds and Products, various issues, and 
FAG, Trade yearbooks) various issues. 
'^Calendar year exports. 
^Calendar year exports as % of world soybean production for split year ending in the year. 
^Soymeal converted to soybean equivalent. 
^Soyoil converted to soybean equivalent. 
Table 1.3. The volume of world exports of soybeans, soymeal and 
soyoil by major producers (In percentages), 1965-1980^ 
Soybeans Soymeal Soyoil 
Calen­
dar Argen - Argen - Argen -
Year US Brazil PRC tina Others US Brazil tina Others US Brazil PRC tina Others 
1965 88.8 1.1 8.3 1.8 69.9 3.7 26.3 79.2 0.3 20.5 
1966 89.0 1.6 7.3 • — — — 2.1 72.9 5.9 21.2 75.9 — 0.8 — 23.3 
1967 88.0 3.7 6.9 1.4 73.3 3.7 23.0 76.4 — 0.6 - - - 23.0 
1968 91.5 0.8 6.5 1.2 72.0 6.3 21.8 72.1 0.5 — - 27.4 
1969 90.8 3.3 5.2 0.7 71.3 7.0 - —  21.7 61.0 0.5 — 38.6 
1970 93.8 2.3 3.3 — — — 0.6 68.4 9.8 21.8 60.5 0.3 0.2 — 39.1 
1971 93.8 1.7 3.7 0.8 66.0 14.7 19.2 60.5 0.5 0.2 — 38.8 
1972 86.8 7.5 2.7 3.0 55.4 21.5 23.0 53.6 5.4 — 41.0 
1973 86.2 11.6 0.2 2.0 54.5 19.5 25.8 40.7 8.4 2.0 48.8 
1974 82.4 16.2 0.3 1.1 52.5 21.6 0.3 25.7 48.0 0.1 — - 2.4 49.5 
1975 75.9 20.3 1.8 0.5 1.5 42.6 35.3 1.6 20.4 26.1 19.4 —- 1.5 53.0 
1976 77.8 18.5 0.9 0.4 2.4 41.9 31.7 1.8 18.6 28.0 27.3 3.5 41.1 
1977 81.1 13.0 0.6 3.1 2.2 34.9 45.2 2.3 17.6 16.6 23.7 3.4 20.4 
1978 86.3 2.7 0.4 8.3 2.3 40.3 37.0 2.2 20.5 35.8 19.4 2.5 42.3 
1979 82.1 2.5 0.5 11.1 3.2 40.7 36.3 2.4 20.6 37.2 18.0 2.7 42.1 
1980 82.1 2.5 0.5 10.1 2.5 39.2 28.9 1.9 30.0 33.3 23.3 —  - —  3.2 40.1 
^Source: Williams (1981:4), and FAS, Foreign Agriculture Circulars, Oilseed and 
Products, various issues. 
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soymeal. In the mean time, Argentina had also emerged on the soybean 
scene as an important exporter. Argentina exported 10.1 percent of 
world soybean exports during 1980. By 1980, exports from the OS 
accounted for 82.1, 39.2, and 33.3 percent of world's gross exports of 
soybeans, soymeal, and soyoil, respectively. 
Policy makers in major exporting and importing countries at one 
point or other have tried to influence levels of trade flows of soybeans 
and soybean products. For example, in Brazil during late 1970s a 
differential tariff structure was enforced. In addition to differential 
tariff structure, all exports of soybeans and soybean products were 
subjected to license requirements. The objectives of this policy were 
to keep the domestic prices of soybeans and soymeal low, and to 
encourage exports of Brazilian soybeans in the form of soymeal after 
processing in Brazil. 
Similarly, the US also imposed a partial embargo on the exports of 
soybeans, cottonseed, and various seals and oils for a brief period in 
1973 as an inflation fighting measure. Later, the embargo was lifted 
but exports of these commodities were subjected to license requirements 
in order to limit export quantities. Selective export suspensions 
against Iran and the Soviet Union were also imposed during 1979 and 
1980, respectively. Recently, in 1983, in retaliation to the US efforts 
to limit imports of Chinese textiles, the Peoples Republic of China also 
theatened to limit imports of the US soybeans and soybean products. 
These and similar other policy interventions by exporting or 
importing countries in commodity trade can be classified into two 
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general categories: a) country neutral policies, and b) country specific 
policies. 
Country neutral policies are uniformly applied to trade with all 
trading partners. Examples of these are a tariff and general quantity 
restrictions on total exports (imports) of a commodity. These policies 
are intended to influence total net trade of the commodity in a country. 
Country specific policies are only applicable to trade with a 
specific country. The examples of these are tariffs or quantitative 
restrictions on exports to or imports from a particular country. 
Sometimes these policies are applicable to trade with a group of 
countries. In contrast to country neutral policies, these are not 
intended to influence net trade. Instead, these interventions are aimed 
at influencing one or more particular trade flows. 
Review of Soybean World Trade Studies 
World trade in soybeans and its products have been extensively 
studied. These studies include both descriptive and econometric 
modeling studies. Descriptive studies are useful in understanding the 
operation of different markets and identifying factors influencing these 
markets. Examples of descriptive studies include Schmidt (1975) for the 
world in general; Houck et al. (1972) for the US; Fraham (1975), 
Broadbent and Dixon (1976), and Reddington and Iso (1978) for Eastern 
European countries. 
Descriptive studies are useful in understanding structure and 
relationships. However, from policy analysis point of view, modeling 
studies are more important. Modeling or econometric studies are 
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concerned with quantifying the influences of major economic forces and 
the impacts of different policies. Most available econometric studies 
of world trade in soybeans and soybean products can be grouped in to: a) 
demand analysis studies, and b) multi-region nonspatial equilibrium 
studies. 
Demand analysis studies 
Demand analysis studies include those studies which basically 
concentrate on estimating demand equations for soybeans or soybean 
products. These may focus on total domestic or import demand of a 
country or a region. Some studies, instead, focus on total import 
demand faced by an exporting country or region from the rest of the 
world. These studies are basically helpful in identifying variables 
which influence the demand in a particular region and quantifying their 
relative importance. 
Houck et al. (1972) primarily developed an econometric model of the 
US soybean sector using the 1946-1966 crop year data. They also 
estimated aggregated export demand equations for soybeans, soymeal, and 
soyoil as faced by the US. The structure of the US sector specified in 
their study has since been improved and adopted by a number of other 
researchers. The structural coefficients for these equations were 
estimated using Ordinary Least Squares (OLS), Two Stage Least Squares 
(2SL) and Three Stage Least Squares (3SL) techniques. The estimates of 
direct price elasticities of demand computed at mean level using 
different methods were reported to be quite similar. These price 
elasticity estimates for the US meal demand and export meal demand 
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varied from -0.14 to -0.17 and -0.53 to -0.68, respectively. The price 
elasticity estimates for the US oil demand and export oil demand varied 
from -0.26 to -0.35 and from -0.43 to -0.63, respectively. 
Jones and Morrison (1976) estimated the soymeal equivalent import 
demand equations for individual Eastern European countries such as 
Poland, Yugoslavia, and Hungary where sufficient data were available. 
The data used were from the period of I960 to 1972. The import demands 
for protein meal (converted to soymeal equivalent) were found to be 
influenced by livestock inventory rather than soybean and soymeal 
prices. Surprisingly a mild complementarity between the import demand 
for protein meal and the domestic protein meal production was reported. 
According to the authors, this was the result of a rapid development of 
livestock production and improvements in feed technology. 
Hill et al. (1980) specified single equation soymeal demand per 
animal unit for the European Economic Community (EC). The equation was 
estimated by OLS method using 1961-76 data. Explanatory variables 
included the ratio of soymeal and EC cereal prices, a livestock 
profitability index, and trend. Only the relative prices of soymeal and 
EC cereals, time, and the livestock profitablity index were significant. 
The availability of other protein substitutes were found to be not 
significant. The soymeal demand elasticity with respect to own price 
was reported to be -0.27. 
Multi-region nonspatial equilibrium studies 
Multi-region nonspatial equilibrium models are becoming 
increasingly important for analysis of economic policies relating to 
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soybeans and soybean products. These studies can take different forms. 
In relatively simpler form, excess supply and excess demand equations 
are specified for each of the major exporting and importing regions. In 
addition, some market clearing mechanism is also specified. In 
comprehensive forms of these studies, proper behavioral equations for 
production, processing and demand for final products along with a market 
clearing mechanism are specified for each important region. These 
models are usually estimated using time series data and some 
simultaneous estimation technique. The prices in one region (usually 
the largest exporter or importer) are assumed to represent world prices 
and all other regional prices are linked to these. A brief review of 
these studies follows. 
Vandenborre (1970) studied the soyoil and soymeal export demand 
during the period of 1948/49 to 1964/55. A system of equations for 
domestic demand for soyoil and soymeal in the US, and import demands for 
soyoil and soymeal in each of four major regions of the world (i.e., 
Northwestern Europe, Southwestern Europe, Canada and Japan) were 
estimated using Two Stage Least Squares. The quantities of soymeal and 
soyoil demanded and the prices of soyoil and soymeal were endogenously 
determined. The prices of cottonseed oil, peanut oil and a weighted 
average price of high protein meal were also determined endogenously. 
The prices of other edible oil and protein meal substitutes were 
exogenous. The study found that the US demand for soyoil and soymeal 
was inelastic with respect to their own prices. However, foreign 
soymeal demand was reported to be price elastic. 
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Bredahl et al. (1978) modeled commercial world excess demand, which 
they specified as total world imports net of imports by Soviet Union and 
Peoples Republic of China. Exports from Brazil were also treated as 
exogenous. The results of this study showed that the OS soybean exports 
were very responsive to own price, the crush value of soyoil and 
soymeal, and the relative value of the US doller with respect to Special 
Drawing Rights (SDR). The US soymeal exports were also reported to be 
responsive to own price, fish meal price, and the value of the US dollar 
with respect to SDR. 
Meyers and Hacklander (1979) appended the aggregated the US export 
demand equations from Bredahl et al. (1978) to the US soybean sector 
model from Houck et al. (1972). In this study soybean crush, inventory 
demands, meal and oil demands and soybean production in the US were 
endogenous, while Brazilian exports were exogenous. The US prices were 
assumed to be world prices, and behavioral functions of the model were 
estimated using Ordinary least Squares method. 
Williams (1977) was intrested in studying the impacts of changes in 
Brazilian policies upon soybean markets in Brazil and the US. In this 
study, equations for soybean production and domestic demands for 
soybeans, soymeal, and soyoil for both the US and Brazil were specified. 
In addition, aggregate net import demand from the rest of the world for 
soybeans, soymeal, and soyoil were specified. Rotterdam prices were 
assumed to be the world market clearing prices and both the US and 
Brazil prices were linked to these. It is reported that both the US and 
rest of the world demands for soymeal were found to be price inelastic. 
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Brazilian soymeal demand was reported to be price elastic. The 
estimated own price elasticities for the US and Brazil were reported to 
be -0.5 and -3.7, respectively. 
Williams (1981) studied world trade in all major oilseeds. His 
model included six major oilseeds, namely soybeans, peanuts, cottonseed, 
copra, palmfruits, rapeseed and their products. However, major emphasis 
remained on soybeans and soybean products. The regions included were 
the US, Brazil, Canada, Japan, the EC, Africa, Asia-Oceania, and the 
residual rest of the world. This is one of the most comprehensive 
econometric model of the world oilseeds and their products. The model 
consisted of 377 equations, which were estimated simultaneously using 
Two Stage Principal Component Estimator. The study found that: (1) 
oilseed producers in most regions were responsive to prices changes, (2) 
crush demand for each oilseed was highly unresponsive to changes in the 
relevant crushers margin, (3) demands for various groups of protein meal 
and oils were fairly price inelastic, and (4) the major determinants of 
the rapidly increasing demands for most groups of oil and meals in all 
regions appeared to be increasing population and per capita income in 
these regions. 
Huyser (1983) developed an eight region model to study the world 
soybean and soymeal market. These regions were the US, Brazil, 
Argentina, the EC, Spain, Japan, Eastern Europe, and a residual rest of 
the world region. In this study, soyoil prices in all regions except 
the US were exogenous. The US prices were assumed to represent world 
prices, and all other prices were linked to these. The model consisted 
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of 76 equations of which 20 were behavioral. The model was estimated 
simultaneously by using Two Stage Least Squares. 
The US component of the model in the Huyser study is basically from 
Meyers and Hacklander (1979). The model consisted of behavioral 
equations for soybean acreage, soybean crush, domestic demands and 
commercial inventory demands for soymeal and soyoil for the US. For 
each of the other regions, with the exception of Eastern Europe, two 
behavioral equations (one for domestic soybean crush and one for 
domestic soymeal demand) were specified. For Eastern Europe only one 
behavioral equation was specified which was for domestic crush of 
soybeans. For the regions of Brazil and Argentina one additional 
behavioral equation for soybean acreage planted was provided. Like 
Meyers and Hacklander (1979) the imports by the Soviet Union and the PRC 
were exogenous in this study. 
The soymeal demand was reported to be inelastic to own price 
changes. Average own price elasticity was reported to be -0.2. The 
number of animal units on high protein feed was reported to be the 
primary determinant of soymeal demand. Soybean crush level was reported 
to be insensitive to changes in crushers margin. The most important 
determinant of soybean crushing level was found to be the crushing 
capacity. The differential export taxes in Brazil which discriminated 
against exports of soybeans in favor of exports of soymeal during late 
1970s were found to be affecting only domestic Brazilian markets. It 
was reported that elimination of these taxes would result in; 
a) increased soybean prices and decreased soybean crushing in Brazil, 
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b) increased soybean exports and decreased soymeal exports from Brazil, 
and c) no significant impact on other regions. 
All these nonspatial equilibrium models are net trade simultaneous 
equation models. There are two advantages of this approach. First, 
coefficients of these models can be easily estimated by using some 
siumultaneous estimation techniques. Second, these models are easy to 
manipulate and therefore, once estimated, can easily be used for 
analyzing a number of policies. However these models are not a panacea. 
There are two limitations of these type of trade models. First, 
solutions of these models generate only net traded quantities, and do 
not provide any information on origin and destination of trade flows. 
For analyzing the impacts of trade policies which are country specific, 
the information on trade flows is very important. Second, linking of 
regional prices with a so called "world price" on a priori basis poses a 
theoretical problem. There is no reason for prices in two regions to be 
linked unless these regions are actually trading. This problem becomes 
even more serious when trying to analyze the effects of a policy which 
restricts the traditional trade flows. Due to these limitations, 
nonspatial equilibrium models are not capable of analyzing the impacts 
of country specific trade poilicies. 
Objectives of the Study 
Review of a large number of soybean trade studies shows that 
although country specific trade policies have been used by policy 
makers, few studies have attempted to analyze the impacts of such 
policies. Moreover, the framework of these models used in most of the 
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available soybean trade studies is not suitable for analyzing 
country-specific policies. The main objective of this study is to 
analyze impacts of the 1980 US embargo on exports of soybeans and 
soybean products to Soviet Union. Like any other economic policy, the 
US trade embargo had both short-term and long-term effects, and an 
analysis of both kinds of effects would be important. However, this 
study is confined to the analysis of short-term impacts. The specific 
objectives of this study are as follows: 
(1) To review alternative commodity trade models. 
(2) To review trade policies in countries which are major exporters 
and importers of soybeans, soymeal, and soyoil. 
(3) To review the structure of world trade flows of soybeans, 
soymeal, and soyoil. 
(4) To design a soybeans and soybean products world trade model 
suitable for quantitative analysis of country specific trade 
policies. 
(5) To estimate and validate this model. 
(6) To analyze impacts of the 1980 US trade embargo on exports of 
soybeans and soybeans products to Soviet Union. 
Organization of the Study 
There are seven chapters of this study. The initial chapter deals 
with the problem statement, a review of soybean world trade studies and 
the objectives of the research. Chapter II covers the structure of 
trade flows of soybeans and soybean products and trade polices in 
countries which are major exporters or importers of these products. 
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Chapter III is devoted to a review and critical evaluation of 
alternative commodity trade models. The design of the model for this 
analysis is described in Chapter IV. Chapter V is devoted to the 
specification, estimation and validation of the model. The quantitative 
impacts of the US trade embargo are analyzed in Chapter VI. Finally, 
the summary, conclusions, and suggestions for further research are given 
in Chapter VII. 
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CHAPTER II. STRUCTURE OF TRADE FLOWS AND TRADE POLICIES 
Structure of Trade Flows 
Soybeans and soymeal are mainly exported from the United States 
(US), Brazil and Argentina. Some of the soymeal produced from the 
imported soybeans is also re-exported from the European Community^ 
to the Soviet Union and Eastern Europe^. Soyoil is exported from 
the US, Brazil and Argentina as well as from European Community and 
Spain. In order to understand the structure of world trade in soybeans 
and soybean products, trade flow tables (origin and destination tables) 
for soybeans, soymeal and soyoil were developed for the years 1979 and 
1980. For each commodity, the total of all imports as reported by 
importers for a particular year failed to match to the total of all 
exports as reported by exporters. This discrepancy can be attributed to 
two factors: 
a) The marketing year for soybeans varies across countries. The 
the US marketing year for soybeans runs from September 1st 
though August 31st. The marketing year for Brazil and Argentina 
runs from March 1st through February 28th and April 1st through 
March 31st, respectively. On the other hand, for most 
countries, data on imports are available on a calendar year 
^In this study the European Economic Community (EC) is 
considered to consist of only 9 members countries, namely, France, 
Federal Republic of Germany, Netherlands, Belgium, Luxemberg, Italy, 
Denmark, United Kingdom and Ireland. 
2 
Eastern Europe (EE) consists of Bulgaria, Czechoslovakia, 
Democratic Republic of Germany, Hungary, Poland, Romania and Yugoslavia. 
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basis. Since almost all exports of soybeans and soybean 
products from Brazil and Argentina are shipped before the US 
crop comes in the market in September, crop year export data and 
calendar year data for Brazil and Argentina are same for all 
practical purposes. This problem was partially resolved by 
combining the the US data for marketing year ending August 31st 
with the calendar year data for other countries and regions, 
b) Exporting countries record their exports when the commodity is 
loaded on ships. On the other hand, importing countries usually 
record the imports when the shipments land in their ports. The 
parts of shipments which are in transit at the end of the year 
cause some of the discrepancies. 
Most of shipments leaving US ports during the early period of the 
US soybean marketing year (September 1 to December 31) probably reach 
importing countries after beginning of the next calendar year. By 
combining US data with a lead of four months with the calender year data 
for importing countries it was hoped that the data discrepancies would 
be reduced to some extent. These discrepancies in trade flows are 
referred as statistical disorepanci; 
Soybeans, soymeal and soyoil trade flows for 1979 are given in 
Tables 2.1, 2.2 and 2.3, respectively. In the 1979 crop year, the US 
exported as much as 20.1 million metric tons of soybeans and 6.0 million 
metric tons of soymeal. Soyoil exports from the US during the year 
amounted to 1.1 million metric tons. During 1979, Brazil exported 0.6 
million metric tons of soybeans and 5.0 million metric tons of soymeal. 
Table 2.1. World soybeans trade flows, 1979^ 
Country Exports as reported by the exporters Statistical Total Imports as 
/region of -r discrepancy reported by import-
destination U'5 Brazil Argentina EC° in imports^ ing country/region 
1,000 metric tons 
US mma _e • mt - w a 0. ,00 0. ,00 (  — -  )  
Brazil — 99 .76 — —— 153. 24 253. 00 ( 1.0*) 
Argentina — «1 • — — — — — 4. 20 4. 20 (  —  )  
EC 8622,, 66 376. 29 2097 .47 mmmm^ 568. 44 11664. 86* (49.4%) 
Spain 1474. 92 125. 43 345 .58 —  — —  291. 04 2236. 97 ( 9.5%) 
Japan 3864 „ 83 1. 29 24 .68 — — — 240. 95 4131. 75 (17.5%) 
Canada 352.. 92 - -• >* -—— -93. 92 259. 00 ( 1.2%) 
Eastern Europe 339. 90 — — — — — 468. 34 808. 24 ( 3.4%) 
Soviet Union 1177. 52 45. 30 - — —— 542. 20 1765. 02 ( 7.5%) 
India - -• •t — -- MM B 0. 00 — (  — -  )  
Pakistan — — -, - - ••MM 0. 00 — — (  —  )  
RWf 4288. 04 89. 69 266 .51 0.86 -2174. 49 2470. 61 (10.5%) 
TOTAL 20120. 79 638. 00 2834 .00 0.86 0. 00 23593. 65 (100.%) 
^Source; Foreign Agricultural Service, USDA (internal data), and FAG, World Trade 
Yearbooks, various issues. 
'^The US data for year ending August 31, 1978. All other data for calendar year. 
°Net of intra-member soybean trade during the year (351.51 thousand metric tons). 
^Total Imports by a region minus the sum of exports to the region by major exporters. 
^Negligible quantities or data not available. 
Rest-of-the-world (residual region). 
Table 2.2. World soyraeal trade flows, 1979^ 
Country 
/region of 
destination 
US 
Brazil 
Argentina 
EC 
Spain 
Japan 
Canada 
Eastern Europe 
Soviet Union 
India 
Pakistan 
RW^ 
Exports as reported by the exporters 
US 
2803.32 
253.54 
204.47 
415.05 
475.42 
26.98 
Brazil Argentina 
1860.32 433.00 
6039.10 5043.00 
EC 
Statistical 
discrepancy 
in imports^ 
3417.97 
155.34 
54.36 
982.33 
1,000 metric tons 
242.20 
32.70 
0.11 
35.53 
25.00 
71.90 487.62 
346.80 548.26 
0.00 
0.00 
-327.83 
-28.73 
24.10 
23.95 
2043.28 
0.02 
-1734.79 
0.00 
Total imports as 
reported by import­
ing country/region 
0.00 
0.00 
6135.66® 
380.26 
282.93 
439.00 
3569.26 
52.00 
1118.05 
) 
---• ) 
) 
51.2%) 
3.2%) 
2.4%) 
3.7%) 
29.8%) 
0.4%) 
--- ) 
) 
9.3%) 
TOTAL 11977.16 (100.%) 
^Source: Foreign Agricultural Service, USDA (internal data), and FAG, World Trade 
Yearbooks, various Issues. 
^The US data for year ending September 30, 1978. All other data for calendar year. 
®Net of Intra-member soymeal trade during the year (2288.64 thousand metric tons). 
^Total Imports by a region minus the sum of exports to the region by major exporters. 
^Negligible quantities or data not available. 
Rest-of-the-world (residual region). 
Table 2.3. World soyoil trade flows, 1979^ 
Country 
/region of 
destination US 
Exports as reported by the exporters 
Brazil Argentina EC° Spain Japan 
Statistical 
disorepanoy 
in Imports^ 
Total Imports as 
reported by import­
ing country/region 
US e (  — -  )  
Brazil —  — —  32.13 —  — —  —  —  —  --— 44.33 76.76 ( 3.2%) 
Argentina — — —  —  — —  —  —  —  —  — —  — — — ---- — — —  —  —  —  (  — -  )  
EC 3.58 19.26 2.02 — — — 18.12 -12.98 0 (  — -  )  
Spain —  —  —  —  — —  —  — —  —  — —  —  — —  — — 15.69 15.69 ( 0.6%) 
Japan 0.08 —  —  —  — — —  —  — —  — — -0.05 0.03 (  —  )  
Canada 20.89 • —  —  —  —  —  —  —  —  —  — — — — 3.11 21.00 ( 1.0%) 
Eastern Europe 23.79 15.60 —  —  —  —  —  —  58.81 — -11.06 87.17 ( 3.6%) 
Soviet Union —  —  —  17.00 —  0.02 — — —  -- 1.98 19.00 ( 0.8%) 
India 181.08 210.21 —  —  —  —  —  —  — —  —  — 131.91 556.20 (22.9%) 
Pakistan 163.32 92.76 11.21 —  —  —  8.55 --.. -65.77 210.10 ( 8.7%) 
Rwf 700.84 117.90 35.11 101.72 225.88 2. 77 -50.16 1137.06 (59.2%) 
TOTAL 1093.58 532.73 80.80 101.71 311.39 2. 77 0.00 2126.01 (100.%) 
^Source: Foreign Agricultural Service, USDA (internal data), and FAO, World Trade 
Yearbooks, various issues. 
^The US data for year ending Sept. 30, 1978, and includes concessional shipments of 51.30, 
9.50, and 88.87 th. MT to India, Pakistan, and RW respectively. All other data for calendar yr. 
°Net of Intra-member soyoil trade during the year (153.66 thousand metric tons). 
^Total imports by a region minus the sum of exports to the region by major exporters. 
^Negligible quantities or data not available. 
P 
Rest-of-the-world (residual region). 
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Soyoil exports from Brazil amounted to 0.5 million metric tons during 
the year. In contrast to Brazil, most of the exports from Argentina are 
as whole beans. During 1979, exports of soybeans and soymeal from 
Argentina amounted to 2.8 and 0.3 million metric tons. Argentine soyoil 
exports amounted to only 80 thousand metric tons. EC and Spain also 
exported as much as 0.4 and 0.3 million metric tons of soyoil during the 
year. 
The EC is the most important market for soybeans and soymeal, and 
it imported 11.7 million metric tons of soybeans and 5.1 million metric 
tons of soymeal during 1979. About 78 percent EC soybean imports were 
supplied by the US and 19 percent by Argentina. In the case of soymeal, 
however, Brazil supplied about 53 percent of EC soymeal imports compared 
to 43 percent by the US. The EC is a net exporter of soybean oil. But 
nevertheless, the EC imported small quantities of soyoil mainly from 
Brazil and Spain during 1979. 
«Japan u.s second most important market for soybeans, and xt imported 
4.1 million metric tons of soybeans and 0.4 million metric tons of 
soymeal during 1979. During that year the US supplied almost all of the 
Japanese soybean imports and about 80 percent of the Japanese soymeal 
imports. The remaining soymeal imports by Japan originated from Brazil. 
Japanese trade in soyoil was insignificant during the year. 
Spain is also a major market for soybeans. During 1979, Spanish 
imports of soybeans amounted to 2.2 million metric tons. About 75 
percent of these were supplied by the US, followed by about 18 and 5 
percent by Argentina and Brazil, respectively. Spanish imports of 
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soymeal during the year were 380 thousand metric tons. About 62 percent 
of these were supplied by the OS and the remainder by Brazil. Spanish 
exports of soyoil amounted to 311 thousand metric tons during the year. 
Out of these Spanish soyoil exports, 58 and 18 thousand metric tons were 
exported to the EE and the EC, respectively. The bulk of the remaining 
soyoil is exported in small quantities to various third world countries. 
The Eastern Europe is a major soymeal market. During 1979, the EE 
imported as much as 3.6 million metric tons of soymeal and 0.8 million 
metric tons of soybeans. About 65 percent of soymeal imports by the EE 
during the year orignated from the US and most of the rest from Brazil. 
All of the EE soybean imports originated from the OS. Soyoil imports by 
the EE during 1979 amounted to 87 thousand metric tons. About 46 
percent of the soyoil imported by the EE during the year were supplied 
by Spain and remainder by the OS and Brazil. 
In 1979, the Soviet Onion imported 0.8 million metric tons of 
soybeans, the bulk of which were exported from the US. The Soviets also 
imported 52,000 metric tons of soymeal during the year. About half of 
this soymeal was imported from the US and the remaining half from the 
EC. The Soviets also imported about 19,000 metric tons of soyoil during 
the year, the bulk of which was imported from Brazil. 
India has been the largest importer of edible oils in the world. 
During 1979, Indian imports of soyoil amounted to 556 thousand metric 
tons. The OS supplied about 43 percent of this oil and Brazil supplied 
the remainder. 
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Trade flows for soybeans, soymeal and soyoil for year 1980 are 
given in Tables 2.4, 2.5 and 2.6, respectively. The patterns for 1980 
trade flows are more or less similar to those for 1979. Major changes 
in trade flow patterns in 1980 compared to those in 1979 are as follows. 
The OS's share of the soybean market in the EC increased mainly at the 
cost of a decreased market share of Argentina. During 1980, Brazil 
started soybean exports to Japan though in small quantities. On January 
1, 1980, the US imposed an embargo on exports of agricultural 
commodities to the Soviet Union, and consequently US soybeans exports to 
Soviet Union in 1980 decreased by 0.7 million metric tons compared to 
the 1979 level. Exports of the US soybeans to the Soviet Union in 1980 
were basically those shipped before the imposition of the embargo in 
January. However, these soybeans imports from the US accounted for 
about half of the total Soviet soybean imports in 1980. The other half 
of soybean imports by the Soviets originated mostly from Argentina and 
some from Brazil. 
Brazil gained increased market share of the Spanish market from 6 
percent in 1979 to about 21 percent in 1980 while the market share of 
the US and Argentina declined to 67 and 11 percent, respectively. 
Brazilian market share in the Japanese soymeal market also increased 
from 21 percent in 1979 to about 30 percent in 1980, at the cost of 
decreased US market share. 
Imports of soybeans by the Soviets in 1980 decreased by 0.7 million 
metric tons compared to the 1979 level. However, imports of soymeal by 
the Soviets in 1980 increased to 345,000 metric tons, all of which was 
Table 2.4. World soybeans trade flows, 1980* 
Country Exports as reported by the exporters Statistical Total imports as 
/region of r discrepancy reported by import-
destination US Brazil Argentina EC° in imports^ ing country/region 
1,000 metric tons 
US e • _ _  ... •••MM 0. 00 0. 00 ( 0.0%) 
Brazil — --• a. 244. 20 «•MM 215. 80 460. 00 ( 1.6%) 
Argentina --— --— — — —  —  —  4. 40 4. 40 ( ) 
EC 10721. 14 573. 93 1222. 82 — — — -809. 29 11708. 60° (41.7%) 
Spain 2203. 45 705. 65 366. 95 —  — —  -68. 40 3207. 65 (11.4%) 
Japan 3868. 34 39. 52 16. 08 — — — 476. 67 4400. 61 (15.7%) 
Canada 391. 99 — — — —  —  —  -23. 99 368. 00 ( 1.3%) 
Eastern Europe 523. 77 — — — — — — — 342. 08 865. 85 ( 3.1%) 
Soviet Union 812. 53 118. 34 724. 74 —  — —  -570. 49 1085. 12 ( 3.9%) 
India — — — — — - —  —  —  0. 00 — — ( — ) 
Pakistan — — --— — — — — 0. 00 -- ( — ) 
Rwf 5298. 22 102. 56 125. 11 5.90 433. 22 5965. 01 (21.3%) 
TOTAL 23819. 44 1540. 00 2699 .90 5.90 0. 00 28065 .24 (100.%) 
^Source: Foreign Agricultural Service, USDA (internal data), and FAG, World Trade 
Yearbooks, various issues. 
^The US data for year ending August 31, 1979. All other data for calendar year. 
°Net of intra-member soybean trade during the year (320.40 thousand metric tons). 
^Total imports by a region minus the sura of exports to the region by major exporters. 
^Negligible quantities or data not available. 
Rest-of-the-world (residual region). 
Table 2.5. World soymeal trade flows, 1980* 
Country Exports as reported by the exporters Statistical Total imports as 
/region of h — discrepancy reported by import-
destination US Brazil Argentina EC° in imports^ ing country/region 
.... 1,000 metric 
US e 0.00 0.00 ( 0.0%) 
Brazil 244.20 — — —  215.80 460.00 ( 1.6%) 
Argentina —  —  —  —  —  — —  —  — — —  4.40 4.40 (  —  )  
EC 10721.14 573.93 1222.82 — — — -809.29 11708.60° (41.7%) 
Spain 2203.45 705.65 366.95 —  —  -68.40 3207.65 (11.4%) 
Japan 3868.34 39.52 16.08 —  — —  476.67 4400.61 (15.7%) 
Canada 391.99 —  — —  -23.99 368.00 ( .1.3%) 
Eastern Europe 523.77 — — " —  —  —  —  — —  342.08 865.85 ( 3.1%) 
Soviet Union 812.53 118.34 724.74 —  —  —  -570.49 1085.12 ( 3.9%) 
India —  — —  — —  —  0.00 —  — —  (  — -  )  
Pakistan — — — mmamwm 0.00 (  —  )  
Rwf 5298.22 102.56 125.11 5.90 433.22 5965.01 (21.3%) 
TOTAL 23819.44 1540.00 2699.90 5.90 0.00 28065.24 (100.%) 
^Source; Foreign Agricultural Service, USDA (internal data), and FAO, World Trade 
Yearbooks, various issues. 
^The US data for year ending September 30, 1979. All other data for calendar year. 
^Net of intra-meraber soymeal trade during the year (2244.16 thousand metric tons). 
^Total imports by a region minus the sum of exports to the region by major exporters. 
^Negligible quantities or data not available. 
Rest-of-the-world (residual region). 
Table 2.6. World aoyoil trade flows, 1980* 
Country 
/region of 
destination 
Exports as reported by the exporters Statistical 
discrepancy 
in imports^ 
Total imports as 
reported by import­
ing country/region US^ Brazil Argentina EC° Spain Japan 
1,000 metric i 
US e ___  ___  ( —- ) 
Brazil —  —  —  — —  14.44 —  — —  — — — —  — —  35.56 50.00 ( 1.8%) 
Argentina —  —  —  —  —  —  —  —  —  —  — —  —  —  —  — —  —  —  —  —  — —  —  ( — ) 
EC 9.88 63.44 5.72 25.79 —  — —  -88.11 16.72° ( 0.6%) 
Spain —  — —  3.15 —  — —  3.63 «.MM 3.18 9.96 ( 0.4$) 
Japan — -  —  —  — —  — —  —  — —  —  —  — —  —  —  —  0.04 0.04 ( —- ) 
Canada 14.80 — — — —  —  —  —  —  —  — — — 5.20 20.00 ( 0.7%) 
Eastern Europe 3.60 7.70 4.25 —— — 46.36 113.30 175.21 ( 6.3%) 
Soviet Union 24.70 32.05 6.99 13.76 3.00 — — — -28.11 52.39 ( 1.9%) 
India 427.67 250.26 — MM •« — — — — — — 84.17 762.10 (27.5%) 
Pakistan 147.42 60.63 8.50 — — — «••MM -82.65 133.90 ( 4.8%) 
Rwf 592.09 326.47 51.90 307.33 294.25 17.37 -42.12 1546.83 (55.9%) 
TOTAL 1220.16 743.70 91.80 324.72 369.40 17.37 0.00 2767.15 (100.%) 
^Source: Foreign Agricultural Service, USDA (internal data), and PAO, World Trade 
Yearbooks, various Issues. 
^The US data for year ending Sept. 30, 1979, and includes concessional shipments of 55.80, 
95.50, and 81.11 th. MT to India, Pakistan, and RW respectively. All other data for calendar yr. 
°Net of intra-member soyoil trade during the year (159.98 thousand metric tons). 
^Total imports by a region minus the sum of exports to the region by major exporters. 
^Negligible quantities or data not available. 
Rest-of-the-world (residual region). 
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imported from the EC. These increased soymeal imports by the Soviets 
compensated for about two thirds of the decrease in imported soybeans 
during that year. The Soviet imports of soyoil also increased from 
19,000 metric tons in 1979 to 52,000 metric tons. The US exports during 
1980 (shipped before the export embargo) accounted for about 30 percent 
of all Soviet soyoil imports. Brazil and Argentina supplied about 40 
and 9 percent of Soviet soyoil imports during the year. The remainder 
(about 21 percent) was supplied by the EC and Spain. The OS market 
share in Indian soyoil imports increased to 63 percent at the cost of 
decreased market share of Brazil. 
Trade Policies in Selected Countries 
Detailed chronological account of policies relating to soybeans and 
soybean products in major exporting as well as importing countries are 
given in Williams (1981), Griffith and Meilke (1980) and Huyser (1983). 
The main objective of this study is to analyze the impact of the US 
embargo on soybeans and soybean products exports to the Soviet Union in 
1980. Therefore, only major features of relevant policies in the US and 
the Soviet Union are reviewed here. Since Brazil, Argentina and, to 
some extent the EC are alternative sources of supply to Soviets, the 
major features of relevant policies in these countries are also 
reviewed. 
Trade policies in the United States 
The United States does not charge any export tax on exports of 
soybeans, soymeal, and soyoil. A small import tariff is charged on 
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imports of major oilseeds and oilmeals, while imports of oils face much 
higher tariffs. These import tariffs are intended to protect domestic 
oilseed price support programs. The amount of import tariff on oilseeds 
varies. Soybeans and rapeseeds are assessed 1 Cent/lb. while all 
oilmeals are assessed 0.3 Cents/lb. For oils which are not produced in 
the US, the import tariff has been either greatly reduced or eliminated. 
Soybean oil and other oils which are produced in the US face an import 
tariff of 3 Cents/lb. The US also maintains price support programs for 
all major oilseeds. These programs are basically intended to support 
oilseed prices for US farmers (Williams 1981:110-111). 
The US has also exercised embargoes on the exports of oilseeds and 
oilmeals from time to time. Due to two consecutive years of poor 
soybean harvest and low stocks, a partial embargo on the export of 
soybeans, cottonseed, and their meal and oil was enforced on June 27, 
1973 as an inflation-fighting measure. On July 2, 1973, the embargo was 
lifted and exports of these commodxtxes were subjected to Ixcense 
requirements in order to limit export quantities. On September 21, 
1973, these controls were also lifted. These embargoes were country 
neutral and all exports were effected. . 
Following these embargoes, from time to time the US has also signed 
informal "hand shake" agreements indicating the intention to export 
certain quantities of soybeans and soymeal products to Japan, Israel, 
Mexico and some other countries. 
In addition to country neutral embargoes, the US has also used 
country specific embargoes. For example, following the 1977 hostage 
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crisis, the OS suspended all exports to Iran (Huyser, 1983:45-46). 
Similarly, after the Soviets moved into Afghanistan on January 1, 1980, 
the US suspended shipments of all agricultural commodities to the Soviet 
Union (USSR). This suspension did not apply, however, to the unshipped 
portion of the 8 million tons of grain which the USSR was entiled to 
import from the US without consultations with the US government in the 
fourth year of the US-USSR Grain Agreement (1975-81) signed in October, 
19753. 
The United States Department of Agriculture (USDA) also asked 
major grain exporting firms in the US to refrain from selling third 
country grain to the USSR. In the meantime, the US also sought the 
cooperation of other grain exporting countries to not replace, directly 
or indirectly, the undelivered US grain. On June 20, 1980, the USDA 
announced that other major exporting countries had developed specific 
policies to limit sales of 1980 crop grain to the USSR and informed the 
US companies that trade consistent with major exporting countries' 
policies would be compatible with the general US policy of restraining 
sales to the USSR. In order to facilitate monitoring of the US grain 
exports, as of October 10, 1980, all firms exporting grain from the US 
to foreign buyers exceeding 15,000 metric tons per year are required to 
register with the USDA's Federal Grain Inspection Authority (BSCS 
1980:34). 
^The US-USSR Grain-Agreement signed in October 1975 established 
6 million metric tons of grains as a minimal annual Soviet purchase, on 
October-September year basis, effective untill September 30, 1981. The 
5 million MT grains was to be purchased through commercial (contd.) 
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On April 29, 1980, the United States announced that it would honor 
the last year of the US-USSR Grain Agreement (1975-80) and allow exports 
of 6-8 million metric tons of corn and wheat to USSR during the year 
begining October 1, 1980. The Soviets contracted for the full 8 million 
metric tons and as of the end of February, 1981, 6.7 million metric tons 
of grain had already been shipped from the US (ESS 1981:3). However, 
since the soybeans and soybean products are not included in the 8 
million metric tons of grain which the Soviets could buy without the US 
government consent, the exports of soybeans and soybean products 
continued to be prohibited. The embargo was finaly terminated on April 
24, 1981. 
The US Department of Agriculture (USDA) contends that during the 
period of January-June 1980, the Soviets intended to import about 20.6 
million metric tons of grain. About 15.3 million metric tons of this 
would have come from the US. Due to the suspensions, the USSR could 
import only 3-1 million metric tons from the US. However, restraint on 
the part of other exporting countries was less than the US had hoped 
for, and the Soviets were able to make up all but about 6 million metric 
tons of the grain from other sources (BSCS 1980:11-12). 
channels without government-to-government consultations and divided 
approximately evenly between wheat and corn. The Soviets had the option 
to purchase an additional 2 million MT of either without government-to-
government consultations unless US grain availability fell below 225 
million MT. For any additional grain purchases government-to-government 
consultations were mandatory. However, the agreement did not provide 
any provision for Soviet purchases of soybeans and soybean products from 
US without US government consultations (ESS 1981:18-19). 
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According to DSDA estimates, prior to suspension, the Soviets 
intended to import 1.8 million metric tons of soybeans, 0.5 million 
metric tons of soymeal and 70,000 metric tons of soyoil during the 
1979/80 marketing year. Of these, the OS would have supplied 1.7 
million metric tons of soybeans, 0.4 million metric tons of soymeal and 
70,000 metric ten» of soyoil. Due to the suspension of trade, the 
Soviets were denied 0.9 million metric tons of soybeans, 0.4 million 
metric tons of soymeal and 200,000 metric tons of soyoil from the US 
markets. However, the Soviets were able to procure an additional 0.75 
million metric tons of soybeans from Argentina and 0.4 million metric 
tons of soymeal from western Europe. The Soviets were also able to 
procure an additional 30,000 metric tons of soyoil from Brazil (ESCS 
1980:13,35). 
Trade policies in the Soviet Union 
The Soviet Union tries to keep its Trade with CMEA (Council for 
Mutual Economic Assistance) countries. Soviets usually plan and 
implement their trade through 5-year and annual agreements. Prices are 
set in advance and are based on past world prices for the commodities. 
Financing agricultural trade with hard-currency countries presents a 
more difficult problem. The US companies trading with the USSR expect 
payments in the US dollars or in some other hard currency. The Soviet 
imports from hard-currency countries almost always exceed exports to 
these countries, so the hard-currency accounts are usually in a deficit 
position. The Soviets cover the trade deficits with loans and earnings 
from a variety of sources, including exports, gold sales and tourism. 
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Historically the Soviet Union has been a net oilseed exporting 
country. The Soviet Union is the largest producer of sunflower seed and 
cottonseed. However, Soviet production of these oilseeds in the late 
1970s has been well below the requirements. This is in part due to a 
heavy emphasis on increased production of meat and livestock products, 
in general, and poultry in particular, since the mid-1970s (BSCS 
1978:13, and BSCS 1979:2). The Soviet oilseed production has failed to 
increase at the desired rate and the Soviets has been meeting their 
excess demand by importing soybeans and other protein meals during late 
1970s. 
In January 1980, the US suspended all agricultural commodities 
sales to the Soviets other than the remaining of the minimum obligatory 
8 million metric tons of grains in the fourth year of 5-year US-USSR 
Grain Agreement. The US suspension denied the Soviets about 12 million 
metric tons of grain, 1.3 million metric tons of soybeans and soymeals, 
and 200,000 metric tons of soyoil from the US markets. According to the 
USDA's estimate, the Soviets were able to obtain the bulk of the denied 
soybeans from Argentina, soymeal from western Europe and soyoil from 
Brazil. However, out of 12 million metric tons of grain denied by US, 
the Soviets were able to obtain only 6 million metric tons of grain from 
other sources (BSCS 1980:11-13). 
The Soviets did not announce any dramatic shifts in agricultural 
policy that could be directly attributed to the US suspension of sales. 
In addition to diversifying supply sources, there has been an increased 
emphasis on self-reliance in the area of feed and fodder production. 
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There has also been an increased effort to correct the existing serious 
protein imbalance^ to improve the feed efficiency in the livestock 
sector. In the year 1980, mixed feed production in the Soviet Union 
increased by 8 percent and for the first time, the Soviets imported 
500,000 metric tons of mixed feed (from EC). The Soviet 5-year plan for 
1981-85 called for special efforts to improve mixed feed production and 
expand the production of protein rich crops (ESCS 1980:1-6, and ESS 
1981:5). 
On July 10, 1980, the Soviets signed a 5-year (1980-84) Grain Trade 
Agreement with Argentina. According to this agreement, Argentina is to 
supply 3 million metric tons of corn, 1 million metric tons of sorghum 
and 500,000 metric tons of soybeans annually (ESCS 1980:34). The 
Soviets also signed a 5-year (1982-86) bilateral trade agreement with 
Brazil on July 15, 1981. Accorging to this agreement, in exchange for 
Soviet petroleum, Brazil is to supply 300 million US dollars worth of 
farm products annually. Included in these are annual shipments of 
500,000 metric tons of soybeans, 400,000 metric tons of soymeal and 
40,000 metric tons of soyoil. Similarly, the Soviets also have a 
bilateral trade agreement with India for the supply of peanuts and 
peanut meal. 
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Preliminary calculations of Economics and Statistics Services 
of USDA suggest that for production of a kilogram of pork and poultry 
products, Soviet farmers use twice as much grains and half as much 
protein meal as farmers in EC (ESS 1980:8-9). 
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Trade policies in Brazil 
Brazilian trade policies relating to soybeans and soybean products 
during the last two decades have been a complex mix of taxes, subsidies, 
quotas, and other nontariff restrictions like licensing, embargoes and 
bilateral trade agreements with importing countries. These policies 
frequently have changed. 
The Brazilian policy makers seem to be primarily concerned about 
the availability of soymeal and soyoil in the domestic markets at 
reasonable prices. Since 1958, soybean products have been under the 
control of the Foreign Trade Office of the Bank of Brazil (CACEX) 
through a program of registration and licensing. According to this 
program all export contracts are required to be registered and approved 
by CACEX. For the most part, global export limits were set for each 
commodity and only small quotas were allocated to exporters early in the 
marketing year. Additional quotas were given as the season progressed 
depending upon availability of the commodity. If domestic supplies 
appeared to be threatened, the registration of exports was closed or at 
times, even an embargo was placed on exports. Since Brazil has been 
deficient in edible oils, until 1974 exports of soyoil were either 
prohibited or restricted to small quantities. 
In an effort to keep domestic prices low, Commissao Interminis-
terial de Preco (ICP) has been setting wholesale and retail price 
ceilings for many food and food related items including soymeal and 
soyoil. Whenever there were either fast increases in international 
prices or a significant devaluation of the Brazilian Cruzeiro, export 
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embargos or/and increased export taxes were imposed in order to ease the 
pressure on domestic prices. 
Once adequate domestic supplies of soymeal and soyoil were assured, 
policy makers tended to be stimulate expansion of domestic soybean 
crushing capacity and encourage export of soymeal and soyoil instead of 
soybeans. The machinery imports destined for production of goods for 
exports were exempted from import duty, which helped expand the crushing 
facilities. For encouraging export of soymeal and soyoil, a set of 
differential taxes were enforced. These differential taxes included 
State Value-added Taxes (ICM), export taxes, export tax credits and 
exemption of federal corporate income taxes. Export tax credit and 
exemption from 30 percent federal corporate income tax was only 
applicable to income from soyoil exports. In January 1976 when soyoil 
export tax credit was raised to 20 percent, the United States crushing 
industry threatened to take retaliatory measures against these 
subsidized soyoil exports from Brazil. As a result, the soyoil export 
tax was first reduced and then eliminated in phases by December 31, 1977 
(Griffith and Meilke 1980:96). 
In 1977, the European Community Oilseed Crushers' Association 
(FEDIOL) filed an antidumping complaint against Brazilian soymeal 
exports with the European Community Commission. FEDIOL complained that 
the differential tax structure on export sales in Brazil encouraged 
exports of soymeal instead of soybean. At that time there were no ad 
valorem export taxes, and the rate of ICM taxes on export sales were 13 
percent on soybeans, 5 percent on soymeal and zero percent on soyoil. 
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The Brazilian government agreed to decrease the total tax differential 
on export sales by imposing an export tax on soymeal in phases. On 
November 21, 1977 a 3 percent export tax was levied in order to increase 
the total tax on soymeal exports to 8 percent. Later the export tax was 
increased in phases so that the total export tax on soymeal became 11.1 
percent by November 1, 1978. 
During 1979, global export quotas were set at 5.0 and 0.56 million 
metric tons for soymeal and soyoil, respectively. In late 1979 the 
Cruzeiro was devaluated by 30 percent and to keep domestic prices low, 
export taxes were levied. These export taxes amounted to 18 percent of 
FOB value on soybeans, and US $75.0, $69.0 and $25.5 per metric ton of 
crude soyoil, refined soyoil and soymeal, respectively. These tax rates 
favored exports of soyoil and soymeal over soybeans by roughly the US 
$25-30 per metric tons (Williams 1981:147). 
On January 16, 1980 these taxes were changed to 12, 18, 10 percent 
of the FOB valus of soybeans, soyoil and soymeal, respectively. Later 
on February 13, 1980, these were revised to 13, 5 and 28 percent of FOB 
value for soybeans, soyoil, and soymeal, respectively. These increases 
in taxes triggered strong resistance against export taxes by producers, 
crushers and exporters. Consequently, in April, 1980, these export 
taxes were completely eliminated and global quotas for 1980/81 were set 
at 1.5, 6.0 and 0.8 million metric tons for soybeans, soymeal and 
soyoil, respectively. 
Brazil has also used total export embargoes from time to time in 
order to conserve soymeal and soyoil for domestic consumption at prices 
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below ceilings established by CIP. Recent embargoes on exports of 
soybeans and soybean products have occurred in July 197%, November 1974 
and March 1979. These embargoes, however, were not country specific and 
were temporary in nature. 
Brazil has undertaken a number of joint ventures with other 
countries. For example, Brazil and Iran collaborated to establish a 
soybean processing plant in Iran, for which soybeans will be supplied by 
Brazil. Similarly, Brazil and the Federal Republic of Germany have a 
joint soybean processing venture in Brazil with a capacity of 2,000 MT 
per day. The processed products from this plant will be exported to the 
Federal Republic of Germany. 
Brazil also uses bilateral trade agreements in order to attract 
more sales, especially from countries with low foreign exchange 
availability. For example, Brazil and the USSR signed a 5-year 
(1982-86) trade agreement on July 15, 1981. Acccording to this 
agreement, in exchange for Soviet petroleum, Brazil will annually ship 
300 million US dollars worth of farm products to the USSR. Included in 
this agreement are annual shipments of 500,000 metric tons of soybeans, 
400,000 metric tons of soymeal, and 40,000 metric tons of soyoil. 
Similarly, Brazil has bilateral trade agreements with the EE countries. 
Trade policies in Argentina 
The soybean is relatively new crop in Argentina. There are no 
government interventions in domestic production or marketing. However, 
Argentine government has tried to influence the exports of soybeans and 
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Soybean products through trade policies. The National Grain Board (NGB) 
controls and regulates the exports of all oilseeds and their products 
through licensing and, at times, by setting quotas to ensure that 
domestic demand is not jeopardized. 
During the period from 1973 through mid-1976 all oilseeds and their 
products were controlled, and export quotas were set. In 1976, exports 
of vegetable oil and meals were freely permitted but exports of soybeans 
were controlled until the 1977/78 crop year. Neverthless, NGB continued 
to have the authority to restrict exports of all oilseeds and their 
products if ever the domestic supplies were shrinking. 
In addition to quantitative controls, Argentina hase also used a 
differential export tax structure which favors exporting soybean 
products instead of soybeans. Until July 31, 1981, the export tax on 
soybeans was 5.5 percent while it was 3.0 percent on exports of soymeal 
and soyoil. In addition, there was an export tax rebate of 10 percent 
on all meal exports, while the exports of oilseeds and oils were not 
entitled to the export tax rebate (Huyser, 1983:75). On July 31, 1981, 
these export taxes were removed. However, an export tax of 10 percent 
FOB on all oilseeds exports along with an export tax rebate of 10 
percent on all oilseed products exports was again enforced in December, 
1982. 
Argentina has also signed a 5-year (1980-84) Grain Trade Agreement 
with the USSR. According to the contract, Argentina is to supply the 
USSR with 4.5 million metric tons of corn, 1.0 million metric tons of 
sorghum and 500,000 metric tons of soybeans annually (ESCS 1980:34). 
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Trade policies in the European Economic Community 
Although the European Economic Community (EC) subsidizes domestic 
production of oilseeds, under the Common Agricultural Policy (CAP), the 
program of deficiency payments is administered in such a way that a 
subsidy is paid on domestic production. As a result, oilseed prices in 
the EC market tend to correspond quite closely to world market prices. 
There is no direct intervention on the import of soybeans and 
soymeal. No tariff is assessed on the imports of oilseeds and oilmeals 
including soybeans and soymeal. However, there is a graduated tariff 
rate of 5 to 15 percent on the import of nonolive oil depending upon 
degree of processing and intended end use. A tariff of 5 and 10 percent 
is assessed on crude industrial oil and crude edible oil, respectively. 
Most of the soybean oil is imported into the EC as crude edible oil, and 
therefore, faces 10 percent import tariff. 
A brief embargo on the US exports of soybeans and soymeal in 1973 
made EC policy makers quits conscious of the EC's dependence on the US 
for large protein supplies. Since then, the EC has attempted to 
decrease this dependence by encouraging greater domestic protein meal 
production which has proved somewhat successful. The EC has also tried 
to some extent to diversify sources of imported protein meal. The EC 
has done this by importing soybeans and soymeal from Brazil and 
Argentina and importing other protein meals especially peanutmeal from 
India. 
To summarize this chapter, the US, Brazil, and Argentina are major 
exporters of soybeans and soymeal. The EC, Spain, Japan, Canada, the 
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EE, and the Soviet Union are major importers of soybeans and soymeal. 
Japan and Canada import soybeans and soymeal basically from the US. The 
EC, Spain, the EE, and the Soviet Union import soybeans and soymeal from 
the US, as well as from Brazil and Argentina. 
For soyoil, in addition to the US, Brazil, and Argentina, the EC 
and Spain are also major exporters. India and Pakistan are major soyoil 
importers. These countries generally import soyoil from US, Brazil, and 
Argentina as well as the EC and Spain. 
With the exceptions of few trade embargoes, the US policy with 
regard to exports of soybeans and soybean products have generally been 
relatively free of interventions. US trade policies have not favored 
exports of soymeal and soyoil comparative to the exports of soybeans. 
On the other hand, trade policies have favored exports of soybean 
products compared to exports of soybeans to great extent in Brazil and 
to some extent in Argentina. 
In response to the US trade embargo in 1980, the Soviet Union has 
negotiated long term trade agreements with Brazil and Argentina for the 
supply of soybeans, soybean products and other agricultural products. 
Similarly, there are some indications that other importers have also 
made some efforts to reduce their dependence on US for meeting their 
protein import demands. 
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CHAPTER III. REVIEW OF 4I,T5RNATIVE COMMODITY TRADE MODELS 
AND SELECTION OF APPROPRIATE FRAMEWORK 
Agricultural commodities trade models range from naive, two-country 
single-commodity models to more complicated multi-region, multi-commodity 
models. These models have been surveyed in several studies, for example 
in Adams and Behrman (1976), Grennes et al. (1977), and Schuh (1979). A 
more comprehensive survey was recently reported by Thompson (1981). 
Studies specifically relating to world trade in soybeans and other oil 
seeds are reviewed in detail in Williams (1981) and Huyser (1983). The 
following review benefited mostly from Thompson (1981), Williams (1981), 
and Huyser (1983). 
Trade models can be classified in a number of ways. A classifica­
tion based on the nature of interregional links and the structure of the 
model seems to be most useful. Using these criteria, trade models can 
be grouped into four categories: 
a) Export demand models, 
b) Nonspatial price equilibrium models, 
c) Spatial price equilibrium models, and 
d) Trade flow or market share models. 
The models in the first three categories are primarily cast in a 
competitive market framework. Homogeneity of product and consumers' 
indifference with regard to place of origin of product is assumed. 
However, some of these models can be easily modified to reflect the 
existing tariffs, quotas and bilateral trade agreements. In contrast to 
this, the models in the fourth category are primarily based on the 
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assumption that consumers in the importing countries differentiate the 
product by origin. 
Models within each category are similar in basic structure and 
interregional links but may differ in some other ways. These 
differences may originate from the way the influences of other related 
commodities are specified, and the extent to which the world market is 
disaggregated. A brief description and critique of each of these 
categories of models follows. Following the description of each 
category, some examples of studies which relate to trade modeling of 
soybeans and soybean products are cited. 
Export Demand Models 
Export demand models are basically two-region models. Generally, 
an aggregated excess demand function confronted by the country of 
interest from the rest of the world is estimated. The function is then 
used for analyzing the effects of different domestic policies. 
Following this approach, Vandenborre (1967), Syan and Houck (1875), and 
Meyers and Hacklander (1979) estimated aggregate excess demand schedules 
for soybeans and soybean products confronted by the US from the rest of 
the world. The aggregate excess demand functions represent the 
horizontal summation of domestic supply and demand schedules of all 
relevant countries. In principle, prior to horizontal summation, the 
price arguments of all the supply and demand schedules of the 
appropriate countries must be converted to a common currency and all 
tariffs, subsidies and transportation costs which shift and/or rotate 
the respective schedules with respect to each other must be taken into 
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account before summation (Willams 1981:22-23). Almost all studies which 
estimated aggregated excess demand are subject to these limitations. 
Instead of estimating a single aggregated excess demand, estimation 
of demand schedules for each major importing country or region is also 
common. The work of Jones and Morrison (1976), Hill et al. (1980), and 
Vandenborre (1970) are examples of this approach. Meyers and Hacklander 
(1979) appended import demand schedules to a domestic US soybean sector 
model. A major problem with these models is that even with acceptable 
parameter estimates, these models cannot be used for analyzing the 
impacts of policies of other countries. 
Nonspatial Price Equilibrium Models 
Honspatial price equilibrium models are multiple region trade 
models with explicit treatment of the interrelations among trading 
regions. The world market price is determined simultaneously by the 
supply-demand balance in all trading regions. These models generate the 
world market clearing prices and the net trade of each region (Thompson 
1981:15). The work of Adams (1975) and Griffith (1980) are examples of 
this approach. The assumption of one global market clearing price is a 
complete abstraction from the spatial pattern of prices associated with 
freight rates (Thompson, 1981:16). Recognizing this, Williams (1981) 
and Huyser (1983) have used pair-wise linkages between historic trading 
regions. However, this approach is unsatisfactory for analyzing the 
impacts of policies on the historic trade flows (origin and destination 
of the traded commodities). 
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These models generate net traded quantities. They do not generate 
any information on trade flows. Information on trade flows is of some 
intrest to researchers and policy makers engaged in analyzing impacts of 
some trade policies. Therefore, for some studies, it is appropriate to 
resort to a category of models which can generate trade flows 
internally. 
Spatial Price Equilibrium Models 
Spatial price equilibrium models have endogenized trade flows, and 
are structured in a manner consistent with spatial equilibrium theory so 
that prices are directly linked between those pairs of countries or 
regions which actually trade with each other. Spatial price equilibrium 
models can be specified in a number of ways. Typically these models are 
formulated with linear export supply and export demand schedules for the 
trading regions, and are solved using the quadratic programming 
framework developed by Takayama and Judge (1971). 
Samuelson (1352) demonstrated that a multi-region trade problem can 
be artificially converted into a maximum problem. He defined net social 
payoff as the sum of areas under excess demand curves, minus the sum of 
areas under excess supply curves minus transportation costs. He 
demonstrated that maximizing such an area can generate the competitive 
spatial equilibrium solution. Takayama and Judge (1964) showed that, 
assuming linear demand and supply schedules, such a problem can be cast 
into a standard quadratic programming framework. 
In cases when there are trade restrictions, the welfare framework 
(maximizing net social payoff) cannot be used as such. Depending upon 
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the nature of trade restrictions, the function to be maximized has to be 
modified and it may no longer have any welfare implications. Samuelson 
(1952:288 footnote), pointed out the artificial nature of the net social 
payoff function. This artificial nature becomes even more important in 
the case when the social-payoff function is modified in order to 
accommodate the presence of trade restrictions. Bawden (1966) and 
Takayama (1967) demonstrated that the general spatial equilibrium model 
can be easily modified to accommodate tariffs as well as trade 
restrictions, by modifying the objective function and adding additional 
linear constraints. 
Furthermore, in the case of multi-commodity spatial equilibrium 
models, the question of whether the demand functions are integrable or 
not becomes crucial. In cases when demand functions are non! .egrable, 
the welfare framework cannot be used as such. This issue was first 
raised and addressed by Plessener and Heady (1965). Following Plessener 
and Heady, Takayama and Judge (1970, 1971) proposed that in such a case, 
an interregional problem can be formulated in terms of net social 
revenue instead of the net social payoff. The net social revenue is 
defined as total social revenue less total social production costs and 
total transportation costs. The social production costs in this 
framework include the social costs of inputs including the cost of fixed 
resources evaluated at the shadow prices. 
These modifications made spatial price equilibrium models very 
attractive for international trade applications, and numerous trade 
studies utilizing this framework have been reported. These studies 
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cover a wide variety of agricultural commodities like wheat, corn, feed 
grain, rice, sugar, oilseeds, pork, and beef (Thompson, 1981:28-30). 
Furtan et al. (1975) specified a four region world'rapeseed trade model 
in the Takayama and Judge tradition, and solved the model by using the 
quadratic programming technique. Jellema (1972) specified a peanut, 
peanut oil, and peanut meal trade model in a similar framework and used 
a reactive programming technique developed by King and Ho (1972) for 
obtaining a solution. 
While the spatial price equilibrium trade models do generate trade 
flows and market shares internally, there are a number of problems. 
First, these models have generally not been able to trace the real world 
trade flows and market shares. Second, these quadratic programming 
models can generate a solution containing, at the most, trade flows 
equal to the number of exporters plus the number of importers minus one. 
However, one can argue that the success of a quadratic programming trade 
model in adequately generating trade flows depends upon the success of 
the identification and the quantification of all trade restrictions, as 
well as the proper disaggregation.of regions. The inclusion of each 
trade restriction in the model also permits one additional trade flow in 
the solution set. Furthermore, these models also have a free trade 
bias, and their solutions are sensitive to transportation and tariff 
changes. 
Trade Flows or Market Share Models 
The failure of spatial price equilibrium models to account 
adequately for trade flows in most studies has motivated researchers to 
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develop alternative approaches to modeling trade flows—commonly known 
as trade flow or market share models. These models are characterized by 
the explicit or implicit assumption that importing countries 
differentiate the commodity by country of origin. This product 
differentiation may be based on a genuine quality difference or merely a 
subjective evaluation. Furthermore, the differentiation among exporting 
countries may be due to a desire on the part of the importing country to 
diversify its supply sources, or simply due to historical relationships 
and political alliances. There are two basic groups of models in this 
category. 
The models in the first group use mechanical procedures to break 
down the past changes in the trade flows. This group includes constant 
market share models, Markov models, probability models, and transition 
matrix models. These models generally lack normative contents, and can 
offer little guidance for policy formulations. 
The second group consists of the models that use price and other 
variables of economic importance for explaining trade flows. This group 
includes econometric models that specify equations that explain the 
individual elements of the trade flow matrix. The most cosuaon approach 
is to explain the shipments from a given exporter to each importing 
country or group of importing countries. Houck and Ryan (1978) analyzed 
international trade in fats and oils using this approach. In a slightly 
different but related approach, the first step is to estimate the total 
import demand of a country or region. Then a separate market share 
equation for the exporter of interest is estimated. Mitchell (1976) 
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analyzed the level and variability of exports of soybeans, soymeal, and 
a number of other agricultural commodities from the US to the EC using 
this approach. Bedestenci (1978) also used this type of model to study 
exports of soybeans and soybean products from the US to major markets. 
A relatively sophisticated framework based on the elasticity of 
substitution model was developed by Armington (1969). In the so-called 
Armington model, consumers are assumed to have weakly separable utility 
functions, and the consumer's decision-making process is viewed as 
occurring in two stages. A decision is made first regarding the 
quantity of the total purchase, and second regarding the allocation 
among suppliers of different origin. In order to reduce the number of 
parameters to be estimated, Armington assumed a constant elasticity of 
substitution among suppliers. "There seems to be a logical inconsist­
ency between assuming a commodity is differentiated by country of origin 
and assuming the same parameters" (Thompson, 1981:44). Only few 
applications of Armington-type models to trade in commodities like wheat 
and coarse grains have been reported in the literature. These models 
have also not been able to predict trade shares adequately. More 
evidence on the magnitude of elasticities of substitution, and more work 
on tuning and validating the existing models are called for before 
deciding how widely this approach can be used (Thompson, 1981:44-45). 
Selection of Appropriate Framework 
A comparison of different commodity trade models shows that none of 
these models is perfect. Each type of commodity model is useful for a 
particular purpose and each of these types has limitations. Export 
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demand models are useful in identifying the factors influencing the 
export demand. Nonspatial price equilibrium models are useful for 
analyzing impacts of policies which are non-country specific. Both 
export demand models and nonspatial price equilibrium models are net 
trade models and do not give any information on origin and destination 
of the commodity traded. Therefore, these models cannot be used to 
analyze impacts of country specific policies. 
Market share models utilize a number of approaches to explain 
changes in market shares. All of these approaches explicitly or 
implicitly assume that importers differentiate products by origin. 
Development and application of market share models are still very much 
in a state of flux. The theoretical foundations for several of these 
approaches are still nonexistent or of doubtful validity. As a result, 
the usefulness of market share models for prediction and for policy 
prescriptive purpose is severely limited (Thompson 1981:45). 
Finally, spatial price equilibrium models can; a) internally 
generate regional prices and trade flows, b) allow constraining 
particular trade flows in the model, and c) allow the regions to trade 
with alternate regions when their traditional trade channels are 
constrained. These are highly desirable characteristics in a model for 
analyzing impacts of country specific trade policies. However, spatial 
price equilibrium models are quite demanding in terms of their data 
requirements on trade flows and transfer costs. These models are also 
very sensitive to .changes in transfer costs. 
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The main purpose of this study is to analyze impacts of the US 
trade embargo on exports of soybeans and soybean products to the Soviet 
Onion. The appropriate modeling approach for this analysis must: a) 
internally generate trade flows, b) enable constraining appropriate 
trade flows in the model to reflect the embargo, and c) allow different 
regions to open new trade channels when the traditional channels of 
trade are constrained. Out of all modeling approaches reviewed only 
spatial price equilibrium trade models have these characteristics. 
Therefore, despite its limitations for the purpose of this study the 
spatial price equilibrium framework is most appropriate. The detailed 
specification of the model is discussed in the next chapter. 
53 
CHAPTER IV. SPECIFICATION OF THE MODEL 
The world soybean market.is complex. Any modeling effort with the 
purpose of analyzing the impacts of changes in one country's policies on 
other countries has to reflect interrelations between the soybean, 
soymeal, and soyoil sectors within each country, as well as across 
countries. Before specifying a complete model, a simple two-country 
example is graphically presented in order to highlight essential 
features of the model. A description of the complete mathematical model 
follows. 
Two-Country Case: A Graphical Presentation 
In the absence of inventories, a country's supply of soybeans at 
the beginning of the market year will simply be that country's produc­
tion from the crop planted during the preceding year. This native 
supply of soybeans in the country (Sbi) will be predetermined at the 
begining of the market year. Assuming that there is no trade across 
countries, and no crushing capacity constraint, the crushing level in 
the country (Cbi) will be equal to the domestic supply. With fixed and 
predetermined yields of soymeal (dm) and soyoil (do), the domestic sup­
plies of soymeal and soyoil are also predetermined (i.e., Smi = dm*Cbi 
and Soi = do*Cbi, respectively). 
Assuming that the costs of crushing per unit of soybeans (Tci) are 
fixed, predetermined, and independent of the scale of operation, and 
that markets are competitive, the crushers' margin will be reduced to a 
level which is just enough to cover the crushing cost. Under these 
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conditions, the prices of soybeans, soymeal, and soyoil in a country 
would be linked. The value of soyoil and soymeal obtained from crushing 
a unit of soybeans will be equal to the price of soybeans plus the per 
unit processing cost. It is assumed that the domestic demands for 
soymeal and soyoil are negatively sloped linear functions of their own 
domestic prices. 
Assuming further that soybeans are demanded only to meet the 
soymeal and soyoil demands, the demand for soybeans would be a derived 
demand. This derived demand schedule can be easily obtained as follows. 
The soymeal and soyoil demand curves are weighted by their respective 
yields and summed vertically. The resulting function (CCVi) is a 
combined demand for soybean products. The CCVi is a loci of aggregate 
levels of soybeans crushed by all crushers in the country, and the value 
of soymeal and soyoil received by crushers in the market for each unit 
of soybeans. Since unit crushing cost is fixed and independent of 
volume, the derived demand for soybeans (DDbi) can be obtained by simply 
deducting the per unit crushing cost (Tci) from CCVi curve at all levels 
of crushing. Under these circumstances, the derived demand for soybeans 
would also be linear and negatively sloped. 
A case of two countries is graphically shown in Figure 4.1. The 
countries are denoted by i and j. It may be noted that for graphical 
convenience the quantity axes for soymeal and soyoil are scaled in 
soybean equivalent units, and all prices and costs for country j are 
converted into country i's currency units using the exchange rate for 
. currency j (units of currency i per unit of currency j). 
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Figure 4.1. Graphical presentation of soybeans and soybeans products 
trade model: two-country case 
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Demand and supply of soymeal for countries i and j are shown in the 
left and the right of the top panel, respectively. Similarly, demand 
and supply of soyoil for countries i and j are shown in the left and the 
right of the middle panel, respectively. Combined demand for soybean 
products, and derived demand and predetermined supply for soybeans for 
countries i and j are shown in the left and the right of the bottom 
panel of the figure. In the absence of trade, the soybeans produced in 
each country will be crushed domestically and prices in each country 
will be determined independent of the other. As shown in the figure, 
the pre-trade equilibrium prices will be Pmi, Poi, and Pbi in country i, 
and Pmj, Poj, and Pbj in country j. 
Impacts of trade 
For analyzing the impacts of trade between these two countries, the 
excess supply curves for each commodity are obtained by subtracting the 
domestic demand curves from the domestic supply curves. The negative of 
excess demand is an excess supply. Soymeal excess supply and excess 
demand curves for countries i and j (denoted by ESmi and EDmj, respec­
tively) are shown in the center of the top pannel of the Figure. Soyoil 
excess supply and excess demand for countries i and j (denoted by ESoi 
and EDoj, respectively) are shown in the center of the middle pannel. 
Similarly soybean excess supply and excess demand for countries i and j 
(denoted by ESbi and EDbj, respectively) are shown in the center of the 
bottom panel of the figure. 
Even when trade is allowed and there are no other restrictions, 
exporting a commodity from one country to another involves 
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transportation and handling costs. In addition, in many cases, some 
export and/or import taxes are levied by the respective governments. It 
is assumed that these unit transfer costs (sum of transportation and 
handling costs, export tax and import tax) are fixed for different 
commodities and are independent of scale. These per unit transfer costs 
for exporting soymeal, soyoil, and soybeans from country i to country j 
are denoted by Tmij, Toij, and Tbij, respectively. 
Opening of trade does not necessarily result in trade. Trade 
between two countries in a particular commodity is only feasible if the 
pre-trade price in the importing country exceeds the pre-trade price in 
the exporting country by at least the transfer costs. With the given 
transfer costs, as shown in Figure 4.1, trade is only feasible in 
soymeal. Under the conditions specified in Figure 4.1, Xmij quantity of. 
soymeal will be exported from country i to country j, and as a result of 
trade, the soymeal prices will increase from Pmi to Pmi in the exporting 
country and will decrease from Pmj to Pmj in the importing country. It 
may also be noted that after trade, the difference between the soymeal 
prices in the importing country and exporting country is reduced to be 
equal to the transfer cost. Due to the competitive nature of the model, 
arbitrage activity would start since there is a possibility of making a 
profit. Interestingly the arbitrage activity itself would eventually, in 
equilibrium, eliminate the possibility of making profit, and the price 
differential will be reduced to the appropriate transfer costs. 
Under the conditions specified in Figure 4.1, trade is not feasible 
in soyoil and sybeans. However, since soybean markets are also linked 
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with soymeal and soyoil markets in the covntry, changes in soymeal 
prices also have effects on the soybean markets. The decreased price of 
meal in the importing country will cause a downward shift in 
CCVj and DDbj curves by Dm(Pmj-Pmj). This will, in turn, decrease the 
price of soybeans from Pbj to Pbj because the supply of soybeans is 
fixed in the country. The effects in the exporting country will be vice 
versa. The increase in soymeal price will result in an upward shift in 
CCVi and DDbi curves by dm(Pmi-Pmi), and in turn the price of soybeans 
will increase from Pbi to Pbi. 
Impacts of different policies 
The impacts of changes such as changes in the domestic production 
of soybeans, exchange rate, and transfer costs, etc. can also be 
analyzed using this frame work. A change in the exchange rate of a 
country's currency, for example, will result in a rotation of demand and 
excess demand curves for that country. Since the domestic prices for 
country j are shown in terms of country i's currency, a revaluation of 
country j's currency (in terms of country i's currency) will result in a 
clock-wise rotation of all demand curves of country j (not shown in 
Figure 4.1). If some parts of transfer costs are assessed in country 
j's currency units, then the transfer costs are also needed to be 
adjusted for changes in the exchange rate. Once these changes are 
completed, the new equilibrium prices and quantities can be easily 
determined. 
Similarly, changes in transportation costs or import/export taxes 
can be analyzed by changing transfer costs. For example, let us assume 
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that transfer costs for soybeans (Tbij) include some import tariff 
levied by the country j. Â reduction in the import tax will result in a 
decrease in the cost of transferring soybeans from country i to country 
j. If the new decreased cost of transfer is less than the difference 
between the soybeans' prices in country j and country i (Pbj-Pbi), the 
export of soybeans from country i to country j will become feasible. 
The import of soybeans into country j will result in a decrease in 
soybean prices. It will also increase the quantity of soybeans 
processed as well as the production of soymeal and soyoil in the country 
j. 
On the other hand, exports of soybeans from i will result in an 
increase in the price of soybeans, a decrease in the soybeans processed, 
and, therefore, a decrease in the production of soymeal and soyoil in 
country i. This will shift the meal and oil supply for country j to the 
right and the meal and oil supply for country i to the left. 
Accordingly, this will shift the excess supply and the excess demand 
curves for soymeal and soyoil to the left. If transfer costs for 
soymeal and soyoil do not change, this decreased cost of soybeans may 
result in a decrease or even complete elimination of the soymeal exports 
from country i to country j which existed prior to the decrease in the 
soybeans transfer costs. A large decrease in transfer costs of soybeans 
from .country i to j may even reverse the soymeal trade flow and-result 
an export of soyoil from country j to country i. 
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Multicountry Case: A Mathematial Model 
A detailed mathematical model for n countries is presented below: 
Regional supplies 
Supplies of soymeal and soyoil at the beginning of the period 
consist of the beginning inventories (carried-in from the previous 
year). In the case of soybeans, however, the supply consists of 
beginning inventories and new production of the crop planted during the 
preceding marketing year. The formal specification of regional supplies 
at the beginning of the marketing year is as follows: 
(a) Smi = LINmi 
(b) Soi = LINoi (D 
(c) Sbi = LINbi + PRbi 
for i — 1, 2, 3, •••> n. 
where, 
Ski = Supply of commodity k at the beginning of the period for 
region i, 
LINki = Beginning inventories of commodity in country i, and 
PRbi = Production of soybeans from the crop planted during the 
preceding year in the region i. 
Regional inventories 
Inventories are held for soybeans as well as for soymeal and 
soyoil. Year end inventories for each of these in different countries 
are specified as exogenously determined: 
(a) INmi = INmi 
(b) INoi = INoi (2) 
(c) INbi = INbi 
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where, 
INki = Regional year end inventories for commodity k in country i, 
k = m, 0, b. 
Regional demand for soymeal and soyoil 
Only soymeal and soyoil are demanded as a final product. Other than 
inventory demand, soybeans are only demanded for crushing in order to 
meet the demand for soymeal and soyoil. Soybean demand for crushing is 
treated as derived demand and is generated internally by the model. 
Regional demands for soymeal and soyoil are specified as follows: 
(a) Ymi = ami - ^ mi'Pmi 
(b) Yoi = aoi - /Joi'Poi C3) 
where, 
Yki = Domestic demand of commodity k in region i, and 
Pki = Domestic price of commodity k in region i in domestic 
currency units. 
Since the import of soybeans and soybean products constitutes a 
relatively small proportion of the total trade of any country, the 
exchange rates are assumed to be determined exogenously. Given the 
exchange rates, domestic prices can be written either in domestic 
currency units or in an international currency units. The US dollar is 
assumed to be international currency, so that, 
Pki = Pki»Ei (4) 
where, 
Pki = Domestic price of commodity k in country i in US dollars, 
Ei = Exchange rate of country i's currency (units of domestic 
currency unit/US $). 
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Substituting (4) in (3), regional demands for soymeal and soyoil can be 
equivalently written in price dependent form, 
(a) Pmi = Ami - wmi'Ymi 
(b) Poi = Aoi -<Joi*Yoi (5) 
wki = = /aYki(Pki) Y\ and 
ÔYki ^ÔPki ' 
Aki = Pki +wki*Yki 
for k = m, o, and i = 1, 2, n. 
Transfer costs 
The transfer costs, including any applicable export and import tax 
are assumed to be fixed, predetermined, and independent of the scale, 
i.e., 
(a) Tmij = Tmij 
(b) Toij = Toij 
(c) Tbij • = Tbij 
where, 
Tmij = Per unit transfer cost for commodity k from country i to 
country j, for k = m, o, b. 
Margins in soybean processing industry 
Assuming that yields of soymeal and soyoil obtained from crushing a 
unit of soybeans are fixed and are predetermined. Assuming further that 
the per unit soybean crushing costs are fixed, predetermined, and 
independent of the scale of operation, and that markets are competitive. 
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Under these conditions, the crusher's margin in each region will be 
reduced to a level which is just enough to cover the crushing cost, so 
that, 
dm'Pmi + do*Poi - Pbi = Tci (7) 
for 1 — 1, 2, ###,n* 
where, 
Pki = Price of commodity k in region i in US dollars/Unit, 
dm = Fixed yield of soymeal/unit of soybean processed, 
do = Fixed yield of soyoil/unit of soybeans processed, 
Tci = Fixed per unit soybean processing cost in region i. 
Given the predetermined beginning regional supplies, transfer costs, 
negatively sloped demand functions, and other specified market 
conditions, the trade problem at hand is to find the levels of trade 
flows of soybeans, soymeal and soyoil; levels of soybean crushing and 
final demands ; and prices in each region at spatial price equilibrium 
state. Following the approach proposed by Takayama and Judge (1971), 
this problem can be artificially converted into a standard quadratic 
programming maximization problem. The thoeretical basis and general 
structure of this approach to spatial price equilibrium models are 
discussed in detail in Appendix A. In such an approach, an artificial 
objective function^ is maximized subject to three types of prespeci-
fied linear constraints, namely, 1) natural quantity constraints, 
^The solution value of this objective function is of no 
importance to the problem at hand. The objective function and the 
maximization program are only vehicles to find the levels of prices and 
quantities for each country, and the levels of trade flows between 
different countries which would result from arbitrage activity under the 
conditions specified. 
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2) spatial price equilibrium conditions, and 3) irregularity constraints. 
The specification of each of these types of constraints follows. 
Natural quantity constraints 
Natural quantity constraints essentially imply that (a) for each 
region, the demand for a commodity must not exceed the total sum of trade 
flows of the commodity coming into the region during the year, and (b) 
the total of trade flows of a commodity originating from a region must 
not exceed the total commodity available in the region during the year. 
The natural quantity constraints for the problem at hand are as follows: 
(a) 2]xmij > Ymj + INmj 
i 
(b)Exoij > Yoj + INoj (8) 
i 
(c) Zxbij > Xcj + INbj 
i 
for i, j = 1, 2, ..., n. 
where, 
Xkij 
Xcj 
(a) 
(b) 
(c) 
for i, j — 1, 2, #.., n, 
= Trade flows of commodity k from country i to country j. 
Xkij for i = j indicates that the commodity k stays in the 
same region, for k = m, o, b, 
= Soybeans crushed in the region j. 
LINmi + dm*Xci > %]Xmij 
0 
LINoi + do*Xci > 2]xoij (9) 
J 
LINbi + PRbi > 2]xbij 
j 
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and 
Ymj, Yoj, Xmij, Xoij, Xbij, Xci > 0 (10) 
for 1) J — 1; 2j •••} n« 
Specifically, the constraint (8.a) states that final demand and the 
ending inventory demand for soymeal in country j must not exceed the sum 
of all soymeal trade flows coming into that region, including the soymeal 
of the region staying in the same region (Xmjj). Similar constraints for 
soyoil are specified in (8.b). The constraint (S.c) specifies that the 
crushing and inventory demand for soybeans in country j must not exceed 
the sum of all soybeans coming into the country, including the soybeans 
of the country staying in the country (Xbjj). The constraint (9.a) 
specifies that the total of all trade flows of soymeal originating from 
country i must not exceed the sum of the total production and beginning 
inventories of soymeal during the year in the country. Similar 
constraints for soyoil and soybeans are specified in (9.b) and (9.c), 
respectively. The condition (10) is the usual nonnegativity condition on 
the quantities. 
Equations (8) through (10) can also be written as follows: 
0, and ( 1 1 )  
Y', X' > 0' (12) 
or equivalently as 
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mm 
INo 
INb 
-LINm 
-LINo 
-(LINb+PRb) 
-Im Gm 
—lo Go 
_G° 
Gb -Ic 
Ig 
-0° ^ Ic 
-G^ 
'Ym' 
Yo 
Xm 
Xo 
Xb 
J LxcJ 
< 0, and 
(13) 
(ïm» Yo» Xm' Xo' Xb» Xo')* > 0' (14) 
Where, 
Yk = (Ykl, Yk2, Yki, ... Ykn)• for k = m, o, 
Xk = (Xkll, Xk12, ..., Xkin, Xk21, ... Xknn)' for k = m, o, b, 
Xo = (Xcl, Xo2, ..., Xci, ... Xcn)*, 
INk = (INkI, Ink2, ..., INki, ... Inkn)' for k = m, o, b, 
LINk = (LINkI, LINk2, ..., LINki, ... LINkn)' for k = m, o, b, 
PRb = (PRbl, PRb2, ..., PRbi, ... PRbn)', 
Ic = dk*Ik for k = m, o, 
Ik = n*n Identity Matrix for k = m, o, b, c, 
Gk = 
, and 
Gk = 
1  1  1  . . .  1  
1  1  1  . . .  1  
1 1 1 . . . 1 
Spatial price equilibrium conditions 
A Langragian multiplier is specified for each of the natural 
quantity constraint in (8) and (9). Defining these Langragian 
multipliers as, 
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Pki, pki >0 (15) 
for k = m, o, b, and i = 1, 2, n., 
and interpreting Pki and as demand and supply prices in spatial 
equilibrium, respectively^, the spatial price equilibrium conditions 
for the problem can be specified as follows: 
(a) Pmj - - Tmij < 0, and (15) 
(b) Xmij (Pmj - P™- - Tmij) = 0 
(a) Poj - - Toij < 0, and (17) 
(b) Xoij (Poj - poi - Toij) = 0 
(a) Pbj - pbi - Tbij < 0, and (18) 
(b) Xbij (pbj - pbi _ Tbij) = 0 
(a) - Pbj + dmV^j + do*P°j - Tcj < 0, and 
(b) Xcj (-Pbj + dm*pmj + do*P°j - Tcj) = 0 (19) 
The spatial price equilibrium conditions (16) through (18) specify 
that if a commodity is traded between two countries, the price of the 
commodity in the importing country must exceed the price of the commodity 
in the exporting region only by the appropriate transfer cost of the 
commodity. If trade is allowed but a commodity is actually not traded 
between two particular countries, then the difference in the commodity 
2 See Appendix A for the generation of these Langrangian multipliers. 
Note that in the state of spatial price equilibrium Pki = . 
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prices in these two countries must not exceed the relevant transfer cost 
of the commodity between these two regions. The condition (19) states 
that if soybeans are crushed in a country, then the crushers' margin 
must be equal to the per unit crushing costs in the country. If 
soybeans are not crushed in the country, then the crushers' margin will 
not exceed the crushing costs in the country. 
Spatial price equilibrium constraints specified in (l6.a), (17.a), 
(I8.a), (19), and (15) can be written in matrix form as. 
G 'p -  T  < 0  , a n d  
P > 0 
(20)  
(21) 
or equivalently as 
Gm' ' -GO' 
Go' 
Gb' 
-Ic' 
-GO' 
-G^' 
Ic' Ic' 
Pm Tm 
Po To 
Pb - Tb 
pm Tc 
po * « 
where, 
pk = (Pkl, Pk2, ...Pki...Pkn)', 
< 0 
for k = m, o, b. 
.ok = (pkl, pk2, ,.pki... pkD),, 
(22) 
for k = m, o, b, 
Tk = (Tkll, Tk12, ...Tkln, Tk21, Tknn) ' for k = m,. o, b, and 
Tc = (Tel, Tc2, ...Tci... Ten)'. 
Constraints to allow for irregular cases 
An irregular case arises when the demand for a commodity in some 
region is zero at equilibrium. In this situation, the spatial 
equilibrium demand price (Pki) may no longer be equal to the market 
price for the commodity in the country (Pki). Instead, in this 
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situation, the spatial equilibrium demand price can exceed the market 
price in the region, so that, 
Pki > Pki, or 
Pki - Pki <0 , (23) 
and substituting the value of Pki from (5) in (23), the irregularity 
constraints can be formally specified as follows: 
(a) Xmi - wmi*Ymi - Pmi < 0, and 
(b) Ymi (Xmi -wmi*Ymi - Pmi) = 0 (2U) 
(a) Xoi -woi*Yoi - Poi < 0 (25) 
(b) Yoi (Xoi -(Joi*Yoi - Poi) = 0 
These constraints specify that if a positive quantity of a 
commodity is demanded in a country, then the spatial equilibrium price 
must be equal to the market price. If the quantity demanded is zero, 
then the spatial equilibrium price may exceed the market price of the 
commodity in the country. 
The irregularity constraint (24.a), (25.a), can be written as, 
( A )  -  { Q -  E ' )  ^ Y j  <  0  ( 2 6 )  
or equivalently as, 
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[xm j I ûm 1 -Im' 1 
I^XoJ Qo I -Io»J 
Ym 
Yo 
Pm 
Po 
Pb pm 
pb 
< 0 (27) 
where, 
Xk = (Xkl, Xk2, ...Xki... Xkn)\ and 
Qk = 
wkl 
Wk2 
wki 
wkn , for k = m, o. 
The quadratic programming model 
Combining (26), (20), (11), and (21), all linear constraints can be 
written as 
-T 
.F> 
fQ 0 -E' 
0 
lE 
0 -G' 
G 0 
< 0, (28) 
and usual nonnegativity constraints, 
(Y», X», P') > 0' (29) 
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Following, the Takayama and Judge (1971) approach for the problem 
at hand, the artificial objective function can be specified as, 
rw.p,  = (0  - (I  :  | . )  (:))  ( i )  
and the problem, now, can be formally stated as follows; To find Y, X, 
and P which will maximize the f(Y, X, P) specified in (30), subject to 
(28), (29). Assuming a solution for this quadratic problem exists, we 
can write the following Langrangian: 
0(Y, X, p, f) = f (Y, X, P) -
4 9 - ( f i t ) © )  
where ^ = (f^', ^')', is a vector of Langrangian multipliers. 
If a solution set for the above problem exists, it will contain 
solution pairs, 
Y 
X 
P 
= ^X 
= L 
(32) 
which will solve the saddle point and, consequently, satisfy our 
prespecified conditions. This can be easily shown by taking partial 
derivatives of ^ (Y, X, P, ^) with respect to Y, X, P, |y, Ip , and 
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Imposing (32) on these first order conditions. This will result in two 
identical sets of prespecified conditions. Therefore, if the solution 
set for the problem exist, maximizing the artificial function f(Y,X,p), 
specified in (30), subject to conditions (28) and (29) will yield a 
solution which will meet all pre-specified conditions. Since f(Y,X,p) 
is a quadratic function and the constraints are either linear or the 
usual nonnegativity conditions, the problem can be solved as a standard 
quadratic programming problem. 
Modifications in the Model for Estimation 
The model described in the previous section is a general model. 
In order to estimate the model a number of modifications were made. A 
brief discussion of each of these modifications follows. 
Defining the regions 
The main objective of this study was to analyze impacts of the US 
trade embargo on exports of soybeans and soybean products to Soviet Union. 
In addition to impacts on the US and the Soviet Union, there may also be 
serious impacts of the embargo on other countries which import or export 
soybeans and soybean products. Keeping this in view, it was desirable 
that all countries which are major exporters or importers of soybeans 
and soybean products be included in the model. However, the size of the 
spatial equilibrium model expands exponentially with increases in the 
number of regions. In order to keep the model manageable, it was 
necessary to limit the number of regions by aggregating the countries 
with similar economic environments and trade policies. For example, 
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various countries in the European Community can be aggregated to a single 
region. Similarly, centrally planned countries in eastern Europe can also 
be aggregated to a single region. 
The estimated model had twelve regions, namely, the US, Brazil, 
Argentina, the European Community (EC), Spain, Japan, Canada, Eastern 
Europe (EE), the Soviet Union, India, Pakistan, and an aggregated 
rest-of-the-world (RW). There are only three major exporters of soybeans 
and soymeal. Each of these three countries, namely, the US, Brazil, and 
Argentina, was specified as a separate region in the model. 
The EC, Spain, Japan, Canada, the EE, and Soviet Union are major 
importers of soybeans and soymeal. The EC was specified as an aggregated 
region of nine countries, namely, France, the Federal Republic of Germany, 
the Netherlands, Belgium, Luxemberg, Italy, Denmark, the United Kingdom, 
and Ireland. Similarly, eastern Europe (EE) was specified as an aggre­
gated region of seven centrally planned countries in eastern Europe, 
namely, Bulgaria, Czechoslovakia, the German Democratic Republic, Hungary, 
Poland, Romania, and Yugoslavia. Spain, Japan, Canada, and the Soviet 
Union are other major soybeans and soymeal importing countries. Each of 
these countries was also specified in the model as a separate region. 
For soyoil, in addition to the US, Brazil, and Argentina, the EC 
and Spain are also important exporters. India and Pakistan are major 
soyoil importing countries. Each of these countries was also specified 
as separate region in the model. All remaining countries were 
represented in the model as the rest-of-the-world (RW) region. This 
residual RW region was specified to import soybeans as well as soymeal 
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and soyoil from all exporting regions. 
The trade channels allowed in the estimated model 
Conceptually, a model with n regions can have n*n possible trade 
channels or trade flows for each commodity. However, depending upon the 
objectives of the study, a number of these trade flows can be eliminated 
without hampering the usefulness of the model. For example, it is quite 
unlikely that the policy to be analyzed in this study would turn any of 
the countries which are currently major exporters of soybeans and 
soybean products (i.e., the US, Brazil, and Argentina) into net 
importers of these commodities. Therefore, the trade flows from other 
regions coming into these regions can be excluded from the model without 
sacrificing the model's ability with respect to the objectives of this 
study. A number of other trade flows can also be eliminated from the 
model based on a careful examination of the historical data. However, 
in deciding the trade flows to be eliminated from the model, the 
objectives of the study must also be kept in mind. For example- if one 
of the objectives is to analyze the impacts of a policy which would 
constrain one or more of the current trade channels, the affected 
importing countries in the model must be able to import from other 
sources. 
Similarly, the affected exporting countries in the model must also 
be able to export their excess supply to other markets. In the case of 
this study, since the model was to be used to analyze the impact of the 
OS trade embargo on soybeans and soybean products to the Soviets, the 
model must allow the Soviets to import from Brazil and Argentina, even 
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if they were not importing from those countries prior to the US trade 
embargo. On the other hand, the model must also allow the US to export 
additional soybeans and soybean products to other countries which were 
traditionally importing these products from other sources. 
The trade channels allowed in the estimated model are more or less 
based on the actual soybean and soybean products trade flows during the 
years 1979 and 1980, and are summarized in Table U.I. In the estimated 
model, the EC can a) import soybeans and soymeal from all the three 
major exporting countries, namely, the US, Brazil and Argentina; and b) 
export surplus soyoil to RW. Similarly, Spain can a) import soybeans 
from the US, Brazil and Argentina; b) import soymeal from the US, Brazil 
and Spain; and c) export soyoil to EE and RW. Japan and Canada are 
allowed to import only from the US. Japan can import soybeans and 
soymeal only from the US. Similarly, Canada can import soybeans, 
soymeal, and soyoil only from the US. 
The EE and Soviet Union are allowed to import soybeans as well as 
soymeal from all three major exporting countries. The EE is also 
allowed to import soyoil from the US, Brazil and Spain, while the Soviet 
Union is allowed to import soyoil from the US and Brazil. India is 
allowed to import soyoil from the US and Brazil, while Pakistan is 
allowed to import soyoil from the US, Brazil and Argentina. The RW 
region in the model can import soybeans, soymeal and syoil from all the 
three major exporting countries. In addition, the RW region is also 
allowed to import soymeal from the EC, and soyoil from the EC and Spain. 
Table 4.1. Soybeans, soymeal, and soyoll trade flows admitted in the estimated model 
Importing region (j) 
Exporting region (i) US BR AR EC SP JA CA EE SU IN PA RW 
United States (US) ( B m )  BM BM BM BMO BMO BMO^ 0 0 BMO 
Brazil (BR) (BMO) BM BM BMO BMO 0 0 BMO 
Argentina (AR) (BMO) BM B BM BM 0 BMO 
European Community (EC) (BMO) MO 
Spain (SP) (BMO) 0 0 
Japan (JA) (BMO) 
Canada (CA) (BMO) 
Eastern Europe (EE) (BMO) 
Soviet Union (SU) (BMO) 
India (IN) (0) 
Pakistan (PA) (0) 
Rest of the Word (RW) (BMO) 
(BMO) Indicate beans, soymeal, and soyoll staying in the same region to meet domestic 
demand. These are not trade flows in a strict sence. In the model, however, these are treated 
as trade flows in order to balance regional quantities of different commodities. 
2 
Letters B,M, and 0 indicate the trade flows for soybeans, soymeal, and soyoll, 
respectively which are admitted (from region i to region j) in the model. 
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Seed feed and waste of soybeans 
The information on seed feed and waste of soybeans (SFWB) was 
available only for OS. This was treated as an exogenously determined 
demand for soybeans in OS. The demand for seed feed and waste for all 
other regions was assumed to be zero. 
Adjustments for the exogenously determined trade flows 
Brazil is a large net exporter of soybeans and soybean products. 
However, in some years, Brazil also imports some soybeans and soymeal 
from Argentina. Since trade flows from Argentina to Brazil are not 
allowed in the estimated model, some adjustments in the model are needed 
in order to account for this seasonal trade. These trade flows are 
assumed to be exogenously determined and fixed. Accordingly these are 
treated as exogenously determined exports (EEXki) from Argentina and 
exogenously determined imports (EIMki) in Brazil at the beginning of 
the year. Similarly, Japan is not allowed to export any soyoil in the 
estimated model, but in some years, Jrr«R exports small quantities of 
soyoil to RW region. This also treated as exogenously determined 
exports from Japan and exogenouly determined imports in RW region. 
Adjustments for statistical discrepancies 
Commodity trade data are reported by importing countries as well as 
by exporting countries. The data from these two sources, however, do 
not always match. The differencees between these two sources of data 
are referred to as the statistical discrepancy. More precisely, the 
total imports of a commodity in a year as reported by an importing 
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region minus the sum of exports of the commodity to the importing region 
as reported by all exporting countries is defined as the statistical 
discrepancy in the commodity imports for that importing region during 
the year. This statistical discrepancy can be positive or negative. 
For balancing the regional quantities in the model, both positive 
and negative discrepancies are to be accounted for. Since the negative 
quantities cannot be represented in a programming framework, the problem 
was resolved as follows. The statistical discrepancy was negative for a 
region i when the imports of the commodity as reported by i were less 
than the sum of exports to i as reported by major exporting countries 
(i.e., shipments in transit at the end of the accounting period). This 
implied that during the period, the exporting countries had additional 
export demand which was not reflected by the import demand estimated 
from the importing region's data. Therefore, the absolute values of 
these negative discrepancies were treated as exogenously determined 
demands for the relevant importing regions. Conversely, the positive 
statistical discrepancies reflected a situation where the importing 
region had the supplies available during the period which were probably 
shipped by exporters during the preceding period. Therefore, the 
positive statistical discrepancies were treated as exogenously 
determined supplies in the appropriate importing regions at the 
beginning of the year. 
Export quotas 
The embargo on OS exports of soybeans, soymeal, and soyoil to 
Soviet Union can be easily introduced as quantitative constraints on 
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relevant trade flows. Specifically, the quantitative restrictions on 
exports of soybeans, soymeal, and soyoil from the US (region 1) to the 
Soviet Union (region 9) can be introduced in the model by the following 
constraints to usual quantitative constraints specified in (8), (9) and 
( 1 1 ) .  
a) Xmij < qmij 
b) Xoij < qmij 
c) Xbij < qbij 
for i = 1, and j = 9, and 
qmij, qoij, qbij >0 (34, 
for i = 1, and j = 9. 
where, 
qkij = Qouta for exports of commodity k from region i to region j, 
(k = m, o, b). 
Accordingly, additional Langrangian multipliers (one for each of 
these additional constraints) are to be defined. Defining these 
Langrangians as, 
pqmij^ pqoij^ pqbij^ > q (25) 
for i = 1, and j = 9, 
and interpretting ,s as shadow price of the corresponding 
quantitative constraint on exports of commodity k from region i to 
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region j, the spatial price equilibrium conditions specified in (16) 
(17) and (18) will be modified for i = 1, and j = 9, as follows; 
a) pmj - - Tmij < 0, and (36) 
b) Xmij (Pmj ~ - p9mij _ Tmij) = 0 
a) Poj - poi _ pqoij _ Toij < 0, and (37) 
b) Xoij (Poj - poi - pqoij - Toij) = 0 
a) Pbj - pbi _ pqbij _ Tbij < 0, and (38) 
b) Xbij (Pbj - pbi _ pqbij _ Tbij) = 0 
The spacial price equilibrium conditions for i ^ 1, and j ^  9 will 
continue to be as specified in (16), (17), and (18). Similarly, the 
spatial price equilibrium conditions specified in (19) will continue to 
hold. The pS^ij will be > 0 only when the quota qkij will be binding. 
These modified spatial price equilibrium conditions specify that if a 
quota qkij is binding, then the price of commodity kj in importing 
country j must not exceed the sum of the price of the commodity in the 
exporting region (p^i), the relevant transfer cost (tkij), and the shadow 
price of the relevant quota constraint (pQkij), if the quota contraint 
is nonbinding (i.e., Xkij < qkij), the pQ^ij = o will hold, and the 
modified spatial price conditions in (36) through (38) will reduce to 
the original spatial price equilibrium conditions as specified in (16) 
through (18). 
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Estimated model 
The estimated model which incorporates all modifications discussed 
earliar can be written as follows; 
Maximize f» (Y, X, P») = ^ |^ -T ^  0  ^^ (39) 
Subject to 
/ A \  I Q  0  _ E * ' \ / Y  \  
(-T ) -{ 0 0 -G»')(X ) < 0, and (40) 
\F*/ \E* G* 0 /\P»/ 
Where, 
Y», X', P* '  < 0' 
p»' = (Pm , po ,Pb ,P° ,P° ,pb , Pq® , Pq° , PSb) , 
F* = 
(  , Po 
» » 
Fd 
Fs = 
.Fq. 
(41) 
(42) 
INm+EEXm+SDm 
INo+EEXo+SDo~ 
INb+EEXb+SDb"+SFWb 
-(LINm+EIMm+SDm*) 
- ( LINo+EIMo+SDo"^ ) 
- ( LINb+EIMb+SDb%PRb ) 
-Qm 
-Qo 
_nh 
(43)  
Gm 
GO 
-G° 
Gb 
G* = 
-G 
-Ic 
(44) 
-G qm 
-G 
-G 
qo 
-G 
qb 
pqk = (pQklS),^ 
Qk z  (qk19) ' ,  
EEXk = (EEXkl, EEXk2, 
EIMk = (EIMkl, EIMk2, 
SDk~ = (SDk"l, SDk"2, 
SDk+ = (SDk"l, SDk+2, 
...EEXki, EEXkn)' 
...EIMki, EIMkn)' 
...SDk~i, SDk"n)' 
...SDk*i, SDk'^n)' 
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EEXki = Exogenouly determined exports of commodity k from region i, 
EIMki = Exogenously determined iàports of commodity k in to region i, 
SDk~i = Negative statistical discrepancy in imports of commodity 
k in to region k, 
SDk^i = Positive statistical discrepancy in imports of commodity 
k in to region k, 
SFWb = (SFWbi, SFWb2, ...SFWbi..., SFWbn)' 
SFWbi = Seed, feed, and waste of soybeans in region 
= A matrix of 1 • s and 0 ' s such that expansion of ' Xk 
(for k = m, o, b) gives conditions specified in (33). 
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CHAPTER V. ESTIMATION AND THE VALIDATION OF THE MODEL 
The estimated model is a three commodity, single period spatial 
price equilibrium model. Two commodities, namely, soymeal and soyoil 
are the final commodities for which the demand functions are explicitly 
introduced in the model. Soybeans are only demanded by crushers to meet 
the demand for soyoil and soyoil. Therefore, there is only derived 
demand for soybeans in the model. 
Before estimating the spatial equilibrium model, demand equations 
for soymeal as well as for soyoil were estimated for different regions 
using annual time series data for 1965-80. These estimated demand 
equations were then expressed in price dependent form, and the 
influences of variables which are exogenous in the spatial equilibrium 
model were collapsed into intercepts at the 1979 level. As discussed 
earlier in Chapter III, in addition to these collapsed demand functions, 
the required inputs for the spatial price equilibrium model include 
levels of exogenously determined demand and supply related quantities, 
transfer costs, crushing costs, and soyoil and soymeal yields per unit 
of soybeans crushed. 
This chapter first discusses the estimated soymeal and soyoil 
demand equations for different regions. Second, the procedures for 
estimation of various other inputs used in the model are described and 
the levels for these inputs for 1979 are discussed. Third, the base 
solution of the estimated model for 1979 is evaluated. Fourth, the 
model is validated by analyzing the responses of the model for 1979 to 
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different shocks. Finally, the solution of the model with 1980 levels 
of inputs is evaluated. 
The Estimation of Regional Demand Equations 
For each of the regions in the model, except for India and 
Pakistan, two demand equations, one for soymeal and one for soyoil, were 
estimated. Since the demand for soymeal is negligible in India and 
Pakistan, only soyoil demand equations were estimated for these regions. 
All demand equations were estimated by ordinary least squares^ (OLS) 
using annual data for the years 1965 through 1980. 
Soymeal demand equations were estimated for the US, Brazil, 
Argentina, the EC, Spain, Japan, and Canada by regressing total domestic 
disappearance of soymeal in the region on the prices of soymeal, the 
prices of other major protein meals in the region, and other related 
variables. The soyoil demand equations for these regions were estimated 
by regressing per capita disappearance of soyoil in the region on the 
prices of soyoil, the prices of other major competing vegetable oils in 
the region, and some other relevant variables. Except for Argentina and 
Spain, prices were represented in domestic currency units deflated by 
the appropriate inflation indices. Spanish prices were approximated by 
^Suspecting that the error terms of different OLS regressions 
may not be contemporaneously independent of each other, the Seemingly 
Unrelated Regression technique (SUR) was considered. With only 16 
observations in the data set, the rank of the matrix was 15 while the 
estimation of 22 equations by SUR required the data matrix to have a 
rank of at least 22. Under the circumstances, estimation by SUR 
technique was not feasible and OLS was the only choice. 
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converting the European port prices into Spanish Pesetas/MT and were 
deflated by the Spanish wholesale price index. Due to suspicion of 
relatively high aggregation error in the exchange rate and the inflation 
index for Argentina, the European port prices in US $/MT were used as a 
proxy for Argentine prices. 
For the remaining regions, namely. Eastern Europe, the Soviet 
Union, India, Pakistan, and the rest-of-the-world (RW), the domestic 
production of soybeans was ignored and net import demand equations were 
estimated. The net import demand for soymeal for Eastern Europe, the 
Soviet Union, and the RW was in each case estimated by regressing the 
total net import of soymeal (including the soymeal equivalent of net 
soybean imports) on import prices of soymeal, prices of other protein 
meals imported into the region, and some other relevant variables. 
Similarly, the net soyoil import demand equation for Eastern Europe, the 
Soviet Union, India, Pakistan, and the RW was in each case estimated by 
regressing the total net import of soyoil (including the soyoil equiva­
lent of net soybean imports) on the import prices of soyoil, import 
prices of other major vegetable oils imported into the region, and some 
other relevant variables. 
For prices in Eastern Europe and the Soviet Union, the European 
port prices (in US $/MT) deflated by London gold prices (in US $/oz) 
were used. This implies that for foreign trade purposes these countries 
consider gold as their currency. For India and Pakistan the import 
prices were approximated by converting European port prices (in US $/MT) 
into their respective currencies and deflating them by the appropriate 
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inflation indices. For the RW region, European port prices in US $/MT 
were used. 
Soymeal demand equations 
The estimated soymeal demand equations for different regions are 
reported in Appendix B. Since these equations were estimated using time 
series data, the presence of a high degree of serial autocorrelation was 
suspected. In order to detect first order serial autocorrelation, the 
Durbin-Watson statistic (DW) was computed. For equations with a lagged 
dependent variable as an explanatory variable, DW is an inappropriate 
statistic. For these cases, Durbin has proposed an alternative 
statistic which is commonly known as Durbin's "h" statistic (DH). 
However, DH is an asymptotic test and its small sample properties are 
not known. The relative efficiency of DH over DW in the case of a small 
sample is disputed (Fomby et al. 1980:215). Therefore, for equations 
with lagged dependent variables, both DW and DH statistics were 
computed. 
A summary of important statistics for estimated soymeal equations 
is given in Table 5.1. All of the soymeal equations fit the data well, 
and none of these showed signs of serious first order serial autocorre­
lation. The variables containing soymeal prices had the hypothesized 
signs in all equations. The coefficients for variables containing 
soymeal prices were significant at the 0.05 level in all regions except 
Brazil, Canada, Eastern Europe, and the Soviet Union. Except for 
Argentina and the RW regions, the soymeal demand elasticities with 
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respect to own prices, calculated at 1980 levels (e80), vary from -0.45 
to -0.21. These are similar to the estimates reported by other 
researchers, as shown in Table 5.2. 
Soyoil demand equations 
The estimated soyoil demand equations for different regions are 
given in Appendix B. The important statistics for estimated soyoil 
demand equations are summarized in Table 5.3. Most of the soyoil 
equations also fit the data well, and none showed signs of serious first 
order serial autocorrelation. The variables containing soyoil prices 
had the hypothesized signs in all equations. The coefficients of 
Table 5.1. Summary of important statistics for the estimated 
soymeal demand equations 
- a 
Region r2 DW DH P 
United States 0.937 
Brazil 0.964 
Argentina 0.932 
EC C.979 
Spain 0.961 
Japan 0.990 
Canada 0.907 
E. Europe 0.990 
Soviet Union 0.887 
RH 0.747 
2.302 .005 
1.799 .071 
2.045 .0004 
2.410^ 0.899 .034 
1.322 .044 
2.025 0.069 .023 
0.970" .054 
1.520% .057 
2.517B .056 
2.066 —— .033 
^Level of significance of the variable containing soymeal price. 
^Durbin-Watson test inconclusive at a=0.01 level. 
88 
variables containing soyoil prices were significant at the 0.05 level 
only in the US, Brazil, Spain, Eastern Europe, India, and the RW 
regions. The soyoil demand elasticities with respect to own prices 
calculated at 1980 level (eSO) indicate that soyoil demand is elastic 
Table 5.2. Comparison of own price soymeal demand elasticities 
with estimates reported by other researchers 
Estimated Huyser^ Meyers^ Others 
Region e80 e79° eav*^ eav 
United States -0.329 
Brazil -0.177 
Argentina -4.305 
EC -0.339 
Spain -0.457 
Japan -0.137 
Canada -0.282 
E. Europe*! -0.021 
Soviet Union^ -0.087 
RWh -0.969 
-0.275 -0.41 -0.50® 
-0.200f -0.20f -3.70® 
-0.155 -0.18 
-0.238 -0.27 -O.27S 
-0.311 -0.32 
-0.087 —0 • 07 
^uyser (1983), 1965-1980 data. 
^Meyers et al. (1985), 1966-1982 data. 
*^Own price elasticity of demand at 1979 level. 
^Own price elasticity of demand at average level. 
®Williams (1977), 1960-1976 data. 
f Constrained by researcher(s). 
%ill et al. (1980), 1961-1976 data. 
^Elasticity based on import demand only. 
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only in Argentina, India, and Pakistan. Of the remaining regions, 
soyoil demand in Brazil and the RW is relatively more elastic with e80 
being -0.54 and -0.83, respectively. The demands for soyoil in other 
regions are quite inelastic, with e80 ranging from -0.35 for Spain to 
-0.01 for Japan. For the DS and EC, the e80 for soyoil demand is 
estimated to be -0.25 and -0.08, respectively. 
Table 5.3. Summary of important statistics for estimated soyoil 
demand equations and estimated own price soyoil demand 
elasticities 
Region R2 DW DH 
a 
P e80 
United States 0.888 2.241 0.673 .022 -0.257 
Brazil 0.980 2.301 .032 -0.548 
Argentina 0.738 2.517 .135 -1.037 
EC 0.979 1.718 — — —  .062 -0.086 
Spain 0.751 1.319b ——— .008 -0.356 
Japan 0.955 2.409 — .355 -0.013 
Canada 0.824 1.911 MM .062 -0.173 
E. Europe^ 0.911 2.262 .029 -0.051 
Soviet Union® 0.725 1.679 .114 —0.067 
India® 0.840 1.605b .029 -1.796 
Pakistan® 0.763 2.480^ " " — .114 -1.048 
RW® 0.894 2.017 .017 -0.834 
^Level of significance of variable containing soymeal price in 
the equation. 
^Durbin-Watson test inconclusive at a=0.01 level. 
^Elasticity based on import demand. 
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Other researchers have generally avoided estimating demand 
elasticities for soyoil for countries other than the US. For example, 
Huyser (1983) reported price elasticity for soyoil demand in the US at 
the 1979 level to be -0.39, and for all other regions in the model the 
soyoil prices were assumed to be exogenously determined. Meyers et al. 
(1985) modified and updated Huyser's world soybean trade model. 
However, the exogenous determination of soyoil prices for regions other 
than the US was not changed. The price elasticity for soyoil demand in 
the US, calculated at an average level for the period 1965-82, was 
reported to be -0.13 by Meyers et al. (1985). Although soyoil demand 
elasticity estimates for specific countries are not available, poorer 
countries are expected to have relatively more elastic soyoil demand. 
The estimated soyoil demand elasticities, reported in Table 5.3 seem to 
follow the expected pattern. On the whole, these soyoil demand 
elasticities seem to be reasonable when compared to the estimates 
reported by other researchers. 
Determination of Inputs for the Model for 1979 
Collapsed demand equations 
Following the procedure outlined earlier in Chapter IV, the 
estimated regional demand equations were converted from quantity 
dependent form (3) to the price dependent form: 
(a) Pmi = Ami + wmi Ymi 
for i = 1, 2, ...9, 12. 
(5) 
(a) Poi = Xoi + Woi Yoi 
for i = 1, 2, ... 12 . 
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The slopes of these collapsed demand curves Gcjki) were estimated by 
taking the partial derivative of the estimated demand equations with 
respect to Pki (either Pmi or Pol as appropriate), substituting the 
values of the exogenous variables at the 1979 level, and inverting the 
expressions. It may be noted that in contrast to estimated demand 
equations, all prices in these collapsed demand curves are in US $/MT. 
The specific expressions for calculating wki's for different regions are 
given in Table 5.4. Once the terms wki's were known for 1979, the 
intercept terms (Xki's) were calculated by fixing the Pki's and Yki's at 
1979 levels. This procedure is equivalent to setting the values of all 
exogenous variables and error terms in the estimated demand equations at 
the 1979 levels and collapsing these into intercept terms. The 
calculated intercepts and slopes for collapsed demand curves for 1979 
are given in Table 5.5. 
Exogenously determined demand and supplies 
As discussed earlier in the Chapter IV, the ending inventories 
(INKi's), the exogenously determined exports (EEXki's), the negative 
statistical discrepancies in imports (SDk~i's), and the seed feed 
and waste components of demand (SFWki's) were treated in the model as 
exogenously determined demands. These exogenously determined demands 
(FDki's) for 1979 are given in Table 5.6. 
Similarly, beginning inventories (LINki's), exogenously determined 
imports (EIMkfs), the positive statistical discrepancies in imports 
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Table 5.4. Formulas for calculating slopes of price dependent 
demand curves 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Region 
US 
BR 
AR 
EC 
SP 
JA 
CA 
EE 
SU 
TN 
PA 
RV 
wmi =/9Ymi(Pmi) 
\aPmi r Woi = / ôïoi(Poi) 
Pm2 * BREUS 
1 
ECP73PMR » ECWPI 
fimH * ECEUS 
SPP73PMR « SPWPI 
0m5 * SPEUS 
JAP72PMR « JAWPI 
* JAEUS 
CAPWRAMR * CACPI 
* CAEOS 
LDGPS 
LDGPS 
)Sm9 
/SM12 
\0Poi 
USPV2PMR » USWPI 
fiml * USEUS 
BRWPI 
USPV4V0R * USWPI 
fio± * USEUS * USPOP 
BRPV2V0R » BRWPI 
fio2 * BREUS » BRPOP 
ARPISUC 
po3 * ARPOP 
ECWPI 
* ECEUS » ECPOP 
SPWPI 
fio5 * SPEUS * SPPOP 
JAPV3V0R » JAWPI 
/Jo6 * JAEUS * JAPOP 
CACPI » CAPWRAOR 
/5o7 • CAEUS » CAPOP 
LDGPS 
0qS 
LDGPS 
009 
INPIRAOR » INGNI 
fioW * INEUS . 
PAGNI 
/Joli * PAEUS 
1 
f io^2 
Where)3ki's are the estimated coefficients associated with the 
variables containing price of k (k=m,o) in the demand equation for i. 
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(SDk+i's), and the production of soybeans (PRbi's) were treated as 
exogenously determined supplies (FSki's). These exogenously determined 
supplies for 1979 are given in Table 5.7. 
The values of statistical discrepancies in Tables 5.6 and 5.7 are 
some what different from those shown in Tables 2.1 through 2.3. Since 
the estimated model did not allow all trade flows shown in Tables 2.1 
through 2.3, these adjustments became necessary for balancing quantities 
and avoiding nonfeasiblity of solution. To estimate these new values 
for statistical discrepancies in imports, the trade flows which were not 
allowed in the model were set at zero in the Tables 2.1 through 2.3, and 
the trade flows destined to the residual RW region, as well as the 
statistical discrepancies, were recalculated. 
Table 5.5. Collapsed demand functions in price dependent form, 1979 
Soymeal Soyoil 
(Price in US $/MT) ( Price in US $/MT) 
Region i Xmi wmi Xoi woi 
United States 1 777.05 -0.0354 3123. 70 -0, .6277 
Brazil 2 780.45 -0,3009 2094. 92 — .1 , .0134 
Argentina 3 301.87 -0.1685 " 1710. 53 -15 .6104 
EC 4 882.92 -0.0431 6499. 85 -3 .5474 
Spain 5 680.24 —0.2006 1384. 82 -8 .2918 
Japan 6 2869.17 -0.8547 47897. 88 -77 .4873 
Canada 7 940.43 -0.7028 3275. 17 -17 .9216 
B. Europe 8 7163.74 -1.6416 5872. 89 -23 .2012 
Soviet Union 9 2393.79 -1.4691 7865. 95 -22 .5775 
India 10 — —  933. 14 -0 .4864 
Pakistan 11 1558. ,05 -4 .2620 
RW 12 232.24 -0.0353 1183. 91 -0 .2800 
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Table 5.6. Exogenously determined demand, 1979 
Commodity i IKki EEXki SDk"i SFWki FDki^ 
in 1000 MT 
Soymeal 1 242.20 242.20 
2 179.10 179.10 
3 0.00 
4 327.83 327.83 
5 28.62 28.62 
6 99.00 99.00 
7 12.00 12.00 
8 0.00 
9 0.00 
12 1849.79 1849.79 
Soyoil 1 351.99 351.99 
2 129.00 129.00 
3 32.42 32.42 
4 4.76 4.76 
5 0.00 
6 26.00 2.77 28.77 
7 4.00 4.00 
8 41.06 41.06 
9 0.00 
10 0.00 
11 57.22 57.22 
12 97.03 97.03 
Soybeans 1 4738.31 2688.94 7427.25 
2 119.00 934.00 1053=00 
3 99.76 99.76 
4 99.00 99.00 
5 0.00 
• 6 568.00 955.75 1523.75 
7 16.00 93.92 60.00 169.92 
8 0.00 
9 0.00 
12 2200.46 2200.46 
^Dki = INki + EEXki + SDk-i + SFWki. 
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Table 5.7. Exogenously determined supply, 1979 
Commodity i LINki EIMki SDk+i PRki FSki^ 
in 1000 MT 
Soymeal 1 220.44 220.44 
2 144.00 144.00 
3 0.00 
4 0.00 
5 0.00 
6 115.00 78.46 193.46 
7 9.00 23.95 32.95 
8 2078.81 2078.81 
9 25.02 25.02 
12 0.00 
Soyoil 1 330.67 330.67 
2 96.00 32.43 44.33 172.76 
3 0.00 
4 0.00 
5 15.69 15.69 
6 17.00 0.03 17.03 
7 4.00 3.11 7.11 
8 0.00 
9 2.00 2.00 
10 134.91 134.91 
11 0.00 0.00 
12 2.77 0.00 2.77 
Soybeans 1 4738.31 50861.26 55248.48 
2 297.00 99.76 153-24 10236.00 10786.00 
3 4.20 3700.00 3704.00 
4 568.44 4.00 572.44 
5 291.04 15.00 306.04 
6 599.00 266.92 190.00 1055.92 
7 44.00 516.00 560.00 
8 468.34 0.00 468.34, 
9 542.20 0.00 542.20 
12 0.00 0.00 
^FSki = LINki + EIMki + SDk+i + PRDki. 
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Transfer costs 
The transfer costs for a commodity between two regions consists of 
a) transportation and handling costs, b) insurance costs, c) tariffs (if 
any) in exporting and importing countries, and d) costs for services of 
exporters and importers. Data on these costs are not readily available. 
Therefore, these costs were approximated indirectly assuming that 
markets were competitive. If two countries have competitive markets and 
are trading a commodity, then the price of the commodity in the 
importing country must exceed from the price of the commodity in the 
exporting country exactly by the appropriate transfer costs. Based on 
this premise, the difference in the price in the importing country and 
the price in the exporting country was calculated, and assumed to be 
just equal to the relevant transfer costs. If a particular pair of 
exporting and importing countries is not trading a commodity, then the 
price difference between these two countries may underestimate the 
relevant transfer costs. However, since most of the trade channels 
allowed in the model were those which showed the major trade flows 
during the period of analysis, this problem was not very likely. 
Even when the structure of the relevant markets is not competitive 
or there are some trade barriers, the price difference can still be 
considered a reasonable estimate of transfer costs. The higher returns 
per unit enjoyed by importers or exporters in a concentrated market and 
the tariff equivalence of trade barriers can be both viewed as a part of 
the transfer cost. Moreover, since the objective of this study is to 
analyze the impact of the US embargo on exports of soybeans and soybean 
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products to the Soviet Union, as long as the same transfer costs are 
used in the model for obtaining the base solution and for obtaining the 
solution with the US embargo, error in transfer cost estimates should 
not be of serious consequence for the purpose of this study. 
Considering these factors, the transfer costs for soymeal (Tmij), 
soyoil (Toij), and soybeans (Tbij) for different origin and destination 
pairs were approximated by calculating the appropriate price differen­
ces. These transfer costs for 1979 are shown in Table 5.8. 
The available data on voyage rates for bulk grains suggest that the 
estimated transfer costs for soybeans for 1979 were about 2.5 to 4.0 
times the relevant marine freight during the year^. The appropriate 
marine freight data for soymeal and soyoil were not availale for 
comparison. 
Although most of the figures in Table 5.8 are self-explanatory, 
some of these may need further clarification. For example, the transfer 
costs of soyoil from the US to Canada for 1979 is negative. This is 
because the yearly average soyoil price in Canada was lower than the 
yearly average soyoil price in the US due to keen competition from 
domestic rapeseed oil in the Canadian market. However, Canada imported 
2 
The average voyage charter rates for bulk grains from US gulf 
ports to Rotterdam and Japan were $13.28/MT and $21.52/MT, respectively 
for 1979 (Harris 1983:18). The average voyage charter rate for bulk 
grain from Argentina (River Plate) to Rotterdam for year 1979/80 was 
$29.77/MT (FAO, Trade yearbooks, 1981:23). The rates from Brazil to 
Rotterdam were not available. However, the voyage rates for bulk grains 
from Brazil to Rotterdam are expected to be approximately similar to 
those from Argentina to Rotterdam. 
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a small quantity of soyoil from the US during the year. This was 
probably a result of localized trade across the long US-Canadian border. 
Transfer costs for soyoil exports from Brazil to other regions are 
also negative and quite large. This is mainly a reflection of the fact 
that Brazilian policies had kept the domestic soyoil prices artificially 
high by complex regimes of differential tax rates and supply control 
Table 5.8. Estimated transfer costs, 1979 
Origin and ij® Tmij Toij Tbij 
Destination (US $/MT) (US $/MT) (US $/MT) 
United States: 
EC 104 33. 495 52, .490 
Spain 105 33. 495 — 52, .490 
Japan 106 144. 363 63, .300 
Canada 107 18. 984 -66.490 0, .ooot 
E. Europe 108 33. 495 62.943 52, .490 
Soviet Union 109 33. 495 62.943 52, .490 
India 110 — 62.943 — — 
Pakistan 111 — — 62.943 — 
RW 112 33. 495 62.943 52 .490 
EC 204 52. 612 74 .390 
Spain 205 52. 612 74 .390 
E. Europe 208 52. 612 -238.500 74 .390 
Soviet Union 209 52. ,6.12 -238.500 74, 390 
India 210 — -238.500 — — 
Pakistan 211 — — -238,500 — 
RW 212 52, ,612 -238.500 74 .390 
^Transfer costs are assumed to be zero for all other trade flows 
in the model. 
^US soybean prices converted to Canadian dollars are used as a 
proxy for soybean prices in Canada for 1979. 
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mechanisms. These taxes were refunded back to the exporters in various 
forms when the Brazilian soyoil was exported. These repayments of 
previously paid taxes exceeded the actual costs relating to the exports 
of soyoil from Brazil to different destinations during 1979. 
The estimated transfer costs of soymeal from the US to Japan is 
more than twice the estimated transfer cost of soybeans from the US to 
Japan. This is an indication of high barriers against the import of 
soymeal into Japan. This is also reflected in the import data for 1979 
and 1980 in Tables 2.1 through 2.6. For example, during 1979 Japan 
imported as much as 4.13 million MT of soybeans while soymeal imports 
amounted to only 0.28 million MT. 
Crushing costs 
Crushing costs in the model were assumed to be constant and 
independent of scale. Like transfer costs data, crushing cost data were 
also not readily available. It was assumed that the crushing capacity 
was not a constraint in any region. It was further assumed that market 
competition and efficiency will drive the crushers' margin down to just 
cover the crushing costs in the region. Even when the soybean crushing 
industry is concentrated and the returns to the services of crushers are 
higher in some regions, these higher returns can be viewed as a part of 
the crushing costs in the region. As long as the returns to the 
services of crushers are kept at the same level in the model for the 
base solution and for the solution with the US embargo, any error in 
approximation of crushing costs is not of serious consequence for the 
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purpose of this study. Therefore, crushing costs were initially 
approximated by calculating the crushers' margins based on regional 
prices and the world average soymeal and soyoil yields per unit of 
soybeans crushed (dm and do). These initial crushing costs estimates 
(Tci's) are shown in Table 5.9. 
Using these initial crushing costs together with all other input 
estimates and the world average yields of soymeal and soyoil for 1979, 
the model was solved. The model was quite successful in predicting 
regional demands and prices, but was unable to predict trade flows and 
crushing levels reasonably well. Some experimentation revealed that the 
model was very sensitive to changes in transfer costs and crushing 
costs. Initial crushing costs were calculated using the regional prices 
and world average yields of soyoil and soymeal. However, actual 
recovery of soyoil and soymeal varies from region to region due to a) 
variations in crushing efficiency in different regions, and b) 
variations in relative oil and meal contents of soybeans grown in 
different regions. Therefore, it was necessary to either account for 
these variations in the recovery of soyoil and soymeal or adjust for 
differences in crushing costs. 
If the variations in yields of soymeal and soyoil were only due to 
variations in crushing efficiencies across regions, they could have been 
easily accommodated in the model. However, for a given level of 
crushing efficiency, the realized yields in a region could further vary 
depending upon the origin of the soybeans. The problem was complicated 
because, by specification, the model allowed different regions to import 
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soybeans from more than one origin. Thus, the identification of 
variations in the oil and meal contents of soybeans by origin and 
crushing efficiencies of different regions would have required enlarging 
the model many fold. 
This would have required treating soybeans produced in different 
regions as different products with a separate crushing activity for each 
type of soybeans in different regions. Since the variations in yields 
due to differences in crushing efficiencies and meal and oil contents of 
soybeans are quite small, enlarging and complicating the model was not 
justified. In light of these factors, the initial estimates of crushing 
costs were adjusted as follows. 
Table 5.9. Calculated crushing costs for 1979 
Region i Toi& Tc*ib 
US $/MT) (US $/MT) 
United States 1 30.387 13.343193 
Brazil 2 91.744 79.695328 
Argentina 3 15.884 3.836750 
EC 4 15.884 3.836750 
Spain 5 15.884 3.836750 
Japan 6 97.646 161.962880 
Canada 7 33.407 33.407000 
E. Europe 8 15.884 3.836750 
Soviet Union 9 15.884 -7.428108 
RW 12 15.884 3.836750 
^Tci = dm*Pmi+do*Poi-Pbi. (where dm=0.7935, & do=0.l8l2.) 
^Adjusted crushing cost for region i. 
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The model was solved with initial estimates of crushing costs 
(Tci's) along with other input levels for 1979 and crushing levels in 
different regions constrained at levels observed during 1979. The 
shadow prices for these crushing level constraints for different regions 
were used to adjust the initial crushing cost estimates. The adjusted 
crushing costs (Tc*i's) are shown in Table 5.9. Once the Tc'i's 
were estimated, the crushing level constraints were removed from the 
model and Tci's were replaced by Tc*i's. 
Base Solution for 1979 
The spatial price equilibrium model for 1979 was solved using the 
input levels for 1979 described in the previous section (i.e., Xki's, 
tiAci's, FDki's, FSki's, Tkij's, T*ci's, and dki's). The solution of 
the model was obtained using the RS QPF4/36 algorithm (Cutler and Pass, 
1971). This solution is referred to as the "base solution for 1979" and 
is reported in Tables 5.10 through 5.15. The solution of the model gave 
levels of prices for soyaeal, soyoil and soybeans; levels of final 
demand for soymeal and soyoil; and levels of soybeans crushed in 
different regions. In addition, the solution also gave the trade flows 
for soymeal, soyoil, and soybeans. 
The evaluation of such a one period model is difficult and a matter 
of judgment. Since a single statistic evaluating the overall success of 
the model would not help evaluate different components of the model, the 
predicted levels for different variables were compared with the observed 
levels for 1979, and correlation coefficients between the predicted and 
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observed levels were computed for different components of the solution. 
The predicted levels of prices and demands are compared with 
observed levels for 1979 in Tables 5.10 and 5.11. The model predicted 
soymeal demand and soymeal prices exceptionally well in all regions. 
Maximum absolute error in any region was 0.01 percent. The correlation 
between the predicted values and observed levels was 1.0 for soymeal 
prices as well as for soymeal demand. 
Except for Japan and the Soviet Union, the predicted levels of 
soyoil demand and soyoil prices were quite close to the observed levels. 
In regions other than Japan and the Soviet Onion, the maximum absolute 
error for any region for soyoil demand or soyoil prices was 0.15 
percent. For Japan, the error in predicted levels of soyoil demand was 
-0.89 percent (-5.4 thousand MT). However, since the soyoil demand in 
Japan was extremely inelastic (e80 = -0.01), the error in predicted 
soyoil price was relatively large (61.20 percent). For the Soviet 
Union, the error in soyoil densnd Has 0=86 percent: As in the oase of 
Japan, due to inelastic soyoil demand for the Soviet Union (eSO = 
-0.07), the error in predicted soyoil prices for the Soviet Union was 
relatively large (-9.44 percent). The correlation coefficient between 
the predicted and observed levels of soyoil demand was 1.0. The 
correlation between the predicted and observed levels of soyoil prices 
was 0.60 for all regions and 0.98 for regions other than Japan. 
The predicted levels of soybean prices were about 4 to 5 percent 
higher than observed levels in all regions. This approximately uniform 
error in soybean prices across the regions was mainly due to an 
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Table 5.10. Comparison of actual and predicted levels of 
prices, 1979 
Commodity & Actual ' Predicted Error Error 
region (US $/MT) (US $/MT) (US $/MT) (?)  
SOÏMEAL: 
United States 209.50 209.524 0.024 0.011 
Brazil 190.39 190.407 0.017 0.008 
Argentina 243.00 243.019 0.019 0.007 
EC 243.00 243.019 0.019 0.007 
Spain 243.00 243.019 0.019 0.007 
Japan 353.87 353.887 0.017 0.004 
Canada 228.49 228.508 0.018 0.007 
E. Europe 243.00 243.019 0.019 0.007 
Soviet Union 243.00 243.019 0.019 0.007 
RW 243.00 243.019 0.019 0.007 
SOYOIL: 
United States 599.66 599.25 -0.41 -0.068 
Brazil 901.10 900.69 -0.41 -0.045 
Argentina 662.60 662.19 -0.41 —0.061 
EC 662.60 662.19 -0.41 -0.061 
Spain 662.60 662.19 -0.41 —0.061 
Japan 687.97 1109.00 421.03 61.198 
Canada 533.17 532.76 -0.41 —0.061 
E. Europe 662.60 662.19 -0.41 —0.061 
Soviet Union 662.60 600.02 -62.58 -9.444 
India 662.60 662.19 -0.41 -0.061 
Pakistan 662.60 662.19 -0.41 -0.061 
RW 662.60 662.19 -0.41 -0.061 
SOYBEANS: 
United States 244.51 256.49 11.98 4.902 
Brazil 222.61 234.59 11.98 5.385 
Argentina 297.00 308.98 11.98 4.036 
EC 297.00 308.98 11.98 4.036 
Spain 297.00 308.98. 11.98 4.036 
Japan 307.81 319.79 11.98 3.894 
Canada 244.51 256.49 11.98 4.902 
E. Europe 297.00 308.98 11.98 4.036 
Soviet Union 297.00 308.98 11.98 4.036 
RW 297.00 308.98 11.98 4.036 
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underestimation of crushing costs. However, the correlation coefficient 
between the predicted and observed levels of soybean prices was 1.0 
suggesting that the model performs well in determining relative prices. 
The predicted and actual levels of soybean crushing are compared in 
Table 5.12. The error in prediction varied from region to region. 
Table 5.11. Comparison of actual and predicted levels of 
soymeal and soyoil demand, 1979 
Commodity & Actual Predicted Error Error 
region (1000 MT) (1000 MT) (1000 MT) (? )  
SOYMEAL: 
United States 16032.6 16031.8 -0.8 -O.OOa 
Brazil 1961.0 1960.9 —0.1 -0.00 
Argentina 349.4 349.3 —0.1 -0.02 
EC 148U7.4 14846.9 -0.5 -0.00 
Spain 2179.6 2179.6 0.0 0.00 
Japan 2942.9 2942.9 0.0 0.00 
Canada 1013.0 1013.0 0.0 0.00 
E. Europe 4215.8 4215.8 0.0 0.00 
Soviet Union 1464.0 1464.0 0.0 0.00 
RW 3094.5 3094.0 -0.5 —0.01 
SOYOIL: 
United States 4021.1 4021.7 0.6 0.01 
Brazil 1178.0 1178.4 0.4 0.03 
Argentina 67.1 67.1 0.0 0.02 
EC 1645.5 1645.6 0.1 0.00 
Spain 87.1 87.1 0.0 0.04 
Japan 609.2 603.8 -5.4 -0.89 
Canada 153.0 153.0 0.0 0.00 
E. Europe 224.5 224.5 0.0 0.00 
Soviet Union 319.0 321.8 2.7 0.86 
India 556.2 557.0 0.8 0.15 
Pakistan 210.1 210.2 0.1 0.04 
RW 1861.8 1863.2 1.4 0.07 
^Less than -0.01. 
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The predicted level of crushing in the US was slightly lower than the 
actual level in 1979 (-0.50 percent). The predicted levels of crushing 
were higher than observed levels for Argentina, Brazil, and Spain, and 
were lower than the observed levels for the RW and EC regions. However, 
the correlation between the predicted and actual levels of soybean 
crushing for 1979 was 0.99. 
The predicted levels of trade flows compared to the observed levels 
of trade flows for 1979 are given in Tables 5.13 through 5.15. The 
trade flows in soymeal, soyoil, and soybeans, and the crushing levels 
are interdependent. Since the predicted levels of soybean crushing were 
lower than the observed levels for the RW, EC, Canada, and Eastern 
Europe, the predicted levels of soymeal and soyoil imports into these 
regions were higher than the observed levels. Accordingly, the 
Table 5.12. Comparison of actual and predicted levels of 
soybean crushing, 1979 
Region Actual Predicted Error Error 
(1000 MT) (1000 MT) (1000 MT) (?)  
United States 27702.4 27563.0 -139.4 -0.50 
Brazil 9095.0 9733.0 638.0 7.01. 
Argentina 870.2 3604.4 2734.2 314.20 
EC 11569.9 10966.8 -603.1 -5.21 
Spain 2250.0 2782.8 532.8 23.68 
Japan 3397.0 3397.0 0.0 0.00 
Canada 743.0 390.1 -352.9 -47.50 
E. Europe 808.2 468.3 -339.9 -42.06 
Soviet Union 1765.0 1765.0 0.0 0.00 
RW 2469.8 0.0 -2469.8 -100.00 
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Table 5.13. Comparison of actual and predicted levels of 
soymeal trade flows, 1979 
Origin Destination Actual Predicted Error Error 
(1000 MT) (1000 MT) (1000 MT) (?) 
US United States 16163.2 16274.0 110.8 0.69 
EC 2803.3 0.0 -2803.3 -100.00 
Spain 253.5 0.0 -253.5 -100.00 
Japan 204.5 152.9 -51.6 -25.23 
Canada 415.0 682.5 267.5 64.46 
E. Europe 475.4 0.0 -475.4 -100.00 
Soviet Union 27.0 38.4 11.4 42.22 
RW 1860.3 4943.8 3083.5 165.75 
BR Brazil 2317.9 2140.0 -177.9 -7.68 
EC 3418.0 3961.7 543.7 15.91 
Spain 155.3 0.0 -155.3 -100.00 
Japan 54.4 0.0 -54.4 -100.00 
E. Europe 982.3 1765.4 783.1 79.72 
Soviet Union 0.0 0.0 0.0 0.00 
RW 433.0 0.0 -433.0 -100.00 
ÂR Argentina 343.7 349.3 5.6 1.63 
EC 242.2 2510.9 2268.7 936.71 
E. Europe 32.7 0.0 -32.7 -100.00 
Soviet Union 0.0 0.0 0.0 0.00 
RW 71.9 0.0 -71.9 -100.00 
EC EC 8632.4 8702.1 69.7 0.81 
Spain 0.1 0.0 —0.1 -100.00 
E. Europe 35.5 0.0 -35.5 -100.00 
Soviet Union 25.0 0.0 -25.0 -100.00 
RW 487.6 0.0 -487.6 -100.00 
SP Spain 1785.3 2208.2 422.9 23.69 
JA Japan 2889.0 2889.0 0.0 0.00 
CA Canada 622.5 342.5 —2 80.0 -44.98 
EE E. Europe 2720-1 2450.4 -269.7 -9.92 
SU Soviet Union 1425.6 .1425.6 0.0 0.00 
RW RW 1959.8 0.0 -1959.8 -100.00 
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Table 5.14. Comparison of actual and predicted levels of 
soyoil trade flows, 1979 
Origin Destination Actual Predicted Error Error 
(1000 MT) (1000 MT) (1000 MT) (?) 
OS United States 4256.7 4373.7 116.9 2.7 
EC 3.5 0.0 -3.5 -100.0 
Canada 20.8 75.5 54.6 261.5 
E. Europe 23.7 0.0 -23.7 -100.0 
Soviet Union 0.0 0.0 0.0 0.0 
India 181.0 0.0 -181.0 —100.0 
Pakistan 163.3 241.4 78.0 47.8 
RW 700.4 634.4 -66.0 -9.4 
BR Brazil 1288.0 1307.4 19.3 1.5 
EC 19.2 0.0 -19.2 —100.0 
Spain 0.0 0.0 0.0 0.0 
E. Europe 45.6 180.7 135.1 296.4 
Soviet Union 17.0 0.0 -17.0 -100.0 
India 240.2 422.1 181.9 75.7 
Pakistan 92.7 26.0 -66.7 -71.9 
RW 117.9 0.0 -117.9 -100.0 
AR Brazil 32.4A 32.4A 0.0 0.0 
Argentina 109.3 99.5 -9.7 -8.9 
EC 2.0 0.0 —2.0 -100.0 
E. Europe 0.0 0.0 0.0 0.0 
Soviet Union 0.0 0.0 0.0 0.0 
Pakistan 11.2 0.0 -11.2 -100.0 
RW 35.1 553.5 518.4 1476.5 
EC EC 1691.7 1650.3 -41.3 -2.4 
Spain 0.0 0.0 0.0 0.0 
Soviet Union 0.0 0.0 0.0 0.0 
RW 404.7 336.8 -67.9 -16.7 
SP EC 18.1 0.0 -18.1 -100.0 
Spain 111.9 87.1 -24.8 -22.1 
E. Europe 58.8 0.0 -58.8 -100.0 
Soviet Union 0.0 0.0 0.0 0.0 
RW 225.8 432.7 206.9 91.6 
JA Japan 632.5 632.5 0.0 0.0 
RW 2.7a 2.7a 0.0 0.0 
CA Canada 141.7 77.7 -63.9 -45.1 
EE E. Europe 146.4 84.8 -61.5 -42.0 
SU Soviet Union 321.8 321.8 0.0 0.0 
IN India 134.9 134.9 0.0 0.0 
PA Pakistan 0.0 0.0 0.0 0.0 
RW RW 450.2 2.7 -447.5 -99.3 
^Exogenously determined trade flows. 
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Table 5.15. Comparison of actual and predicted levels of 
soybean trade flows, 1979 
Origin Destination Actual Predicted Error Error 
(1000 MT) (1000 MT) (1000 MT) (%) 
OS Onited States • 35129.7 34990.2 -139.5 -0.40 
EC 8622.7 10493.3 1870.6 21.69 
Spain 1472.9 2476.8 1003.9 68.16 
Japan 3864.8 3864.8 0.0 0.00 
Canada 352.9 0.0 -352.9 -100.00 
E. Europe 339.9 0.0 -339.9 -100.00 
Soviet Onion 1177.5 1222.8 45.3 3.85 
RW 4288.0 2200.5 -2087.5 -48.68 
BR Brazil 10148.0 10786.0 638.0 6.29 
EC 376.3 0.0 -376.3 -100.00 
Spain 125.4 0.0 -125.4 -100.00 
Japan 1.3 0.0 -1.3 -100.00 
E. Europe 0.0 0.0 0.0 0.00 
Soviet Onion 45.3 0.0 -45.3 -100.00 
RW 89.7 0.0 -89.7 -100.00 
AR Brazil 99.8a 99.8a 0.0 0.00 
Argentina 970.0 3704.2 2734.2 281.88 
EC 2097.5 0.0 -2097.5 -100.00 
Spain 345.6 0.0 -345.6 -100.00 
Japan 24.7 0.0 -24.7 -100.00 
E. Europe 0.0 0.0 0.0 0.00 
Soviet Onion 0.0 0.0 0.0 0.00 
RW 266.5 0.0 -266.5 -100.00 
EC EC 572.4 572.4 0.0 0.00 
RW 0.9 0.0 —0.9 -100.00 
SP Spain 306.0 306.0 0.0 0.00 
JÂ Japan 1055.9 1055.9 0.0 0.00 
CA Canada 560.0 560.0 0.0 0.00 
EE E. Europe 468.3 468.3 0.0 0.00 
SO Soviet Onion 542.2 • 542.2 0.0 0.00 
RW RW 0.0 0.0 0.0 0.00 
^Exogenously determined trade flows. 
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predicted levels of imports of soybeans into these regions were lower 
than the observed levels. On the whole, predicted levels of soybean 
trade flows across the regions were lower than the observed levels. On 
the other hand, the predicted levels of soymeal and soyoil traded across 
regions were higher than the observed levels during 1.979 (Table 5.16). 
Deciding whether a model adequately predicts the trade flows is a 
matter of judgment. For instance, any spatial equilibrum trade model 
which explained more than 50.0 percent of observed trade flows was 
judged "adequate" by Teigen (1977). On the other hand, Thompson 
contends that "most potential users of such models desire greater 
reliability than this" (Thompson 1981:31). The correlation coefficient 
between the predicted and observed levels of trade flows for all three 
commodities in 1979 was 0.88. In other words, the model was able to 
explain 88 percent of observed trade flows of soymeal, soyoil, and 
soybeans. Calculated separately for different commodities, the 
correlations between predicted and observed levels of trade flows for 
1979 were 0.64, 0.75, and 0.94 for soymeal, soyoil, and soybeans, 
respectively.3 
3 The commodities staying in the regions of production were treated 
trade flows in the model for accounting purposes. In order to calcu­
late the correlation coefficients between predicted levels and observed 
levels, however, only those trade flows which were across regions were 
considered. The correlation coefficients between the predicted and ob­
served trade flows were much higher when trade flows with the same ori­
gin and destination region were included. These correlation coefficients 
for 1979 were 0.96, 0.98, and 0.99 for soymeal, soyoil, and soybean trade 
flows, respectively, and 0.98 for trade flows of all three commodities. 
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Table 5.16. Comparison of actual and predicted levels of 
exports from major exporting regions, 1979 
Commodity 4 Actual Predicted Error Error 
Region (1000 MT) (1000 MT) (1000 MT) (%) 
SOÏMEAL; 
United States 6039.0 5817.6 -221.4 3.66 
Brazil 5043.0 5727.1 684.1 13.56 
Argentina 346.8 2510.9 2164.1 624.01 
EC 548.2 0.0 -548.2 -100.00 
TOTAL 11977.0 14055.6 2078.5 17.35 
SOIOIL: 
United States 1093.1 951.3 -141.8 -12.97 
Brazil 532.7 628.9 96.2 18.05 
Argentina 80.8 585.9 505.1 625.12 
EC 404.7 336.8 -67.9 -16.77 
Spain 302.8 432.7 129.9 42.89 
TOTAL 2414.1 2935.6 521.5 21.60 
SOYBEANS; 
United States 20118.7 20258.2 139.5 0.69 
Brazil 638.0 0.0 -638.0 -100.00 
Argentina 2834.1 99.8 -2734.3 -96.47 
TOTAL 23590.8 20358.0 -3232.8 
To summarize, the base solution for 1979 predicted regional levels 
of prices, demand and soybean crushing levels exceptionally well. The 
prediction of trade flows were reasonable. The main weakness of the 
model was that the import sources for different regions in the solution 
were not as diversified as indicated by the actual trade flow data for 
1979. 
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The Validation, of the Model 
It was shown in the previous section that the model for 1979 is 
capable of predicting the prices and demand levels exceptionally well, 
and predicting the trade flows reasonably well. For further validation, 
the model was given a number of shocks, and the impacts of these shocks 
were carefully analyzed in order to determine if the model was behaving 
appropriately in response. Â brief discussion and summary of the 
results of these excercises follows. 
Impacts of an increase in the US soybean production 
The US soybean production was increased by 5000 thousand MT (an 
increase of 8.24 percent) while all other input levels were kept at 
levels used for the base solution for 1979. The new solution was 
compared to the base solution. A summary of changes from the base 
solution due to the increased US soybean production is given in Table 
5.17. 
As a result of the increased soybean production, the prices of 
soymeal, soyoil, and soybeans in the US decreased by $50.22, $40.52, and 
$99.70 per MT, respectively. The prices in other regions also decreased 
by identical magnitudes. Decreased prices, in turn, resulted in 
increased demands for soyoil and soymeal in the US as well as in all 
other regions. 
As shown in Table 5.17, in terms of thousand MT, relatively large 
increases in soymeal demand were in the US, the RW, and the EC. 
However, in terms of percentages, the increase in soymeal demand was 
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highest in Argentina (68.85 percent) followed by the RW (37.10 percent). 
The percentage increase in the soymeal demand in the US, the EC, and 
Spain was 7.14, 6.33, and 9.26 percent, respectively. Similarly, in 
terms of thousand MT, the largest increases in soyoil demand were in the 
RW, India, the US, and Brazil, while the largest percentage increase in 
soyoil demand was in India (36.79 percent), followed by the HW (19.10 
percent), Spain (13.8 percent), and Pakistan (12.2 percent). As it was 
expected, a relatively large proportion of increased soybean production 
(about 60.5 percent) was crushed in the US, and the remaining was 
exported to the EC and Spain, resulting in increased crushing levels in 
these regions. 
Table 5.17. Impacts of an increase in US soybean production by 
5000 thousand MT, 1979 
Change from Base Solution 
Soybean Soymeal Soyoil Soybean Soymeal Soyoil 
Region crush prices prices prices demand demand 
(Th. MT) ($/MT) ($/MT) ($/MT) (Th. MT) (Th. MT) 
United States 3025.1 -40.52 -99.70 -50.22 1144.7 158.83 
Brazil 0.0 -40.52 -99.70 -50.22 134.7 98.39 
Argentina 0.0 -40.52 -99.70 -50.22 240.5 6.39 
EC 1688.8 -40.52 -99.70 -50.22 940.2 28.11 
Spain 254.6 -40.52 -99.70 -50.22 202.0 12.03 
Japan 7.1 -40.52 -99.70 -50.22 47.4 1.29 
Canada 0.0 -40.52 -99.70 -50.22 57.6 5.56 
E. Europe 0.0 -40.52 -99.70 -50.22 24.7 4.30 
Soviet Union 24.4 -40.52 -99.70 -50.22 27.6 4.41 
India -99.70 —« 204.97 
Pakistan -99.70 — —— — —— 25.65 
RW 0.0 -40.52 -99.70 -50.22 1148.0 356.07 
I l l»  
The results of this exercise were compared to the impacts of an 
actual increase in soybean production in the 1974 crop. During 1974, 
world soybean production increased by 12,500 thousand MT compared to the 
preceding year's production. The increase in OS production was 7,500 
thousand MT, and about 3,000 thousand MT of this was absorbed by 
increased US inventories during the year. Therefore, the effective 
increase in the supply of soybeans in the US during 1974 was 4,500 
thousand MT. 
The increased US supply of soybeans resulted in an increase in US 
soybean crushing as well as an increase in US soybean exports during 
1974 compared to the preceding year. The increase in US crushing was 
451 thousand MT while the increase in the US soybean exports was 1,524 
thousand MT. This increased supply of soymeal depressed US soymeal 
prices by as much as $91.11/MT below the preceding year's level. 
However, the soyoil prices in the US increased from $353.75/MT in 1973 
to $694.45/MT in 1974 due to a worldwide shortage of vegetable oils. 
This spectacular increase in soyoil price offset most of the weakness in 
soymeal prices, and US soybean prices decreased by only $3.31/MT during 
the year. 
In the case of a hypothetical increase in US production, all other 
factors were kept constant, whereas in the case of an actual increase in 
soybean production in 1974, a number of other factors influencing the 
soybean markets were not controlled. Therefore, it is difficult to 
compare the impacts of these two cases in a strict sense. Nevertheless, 
the general directions of the impacts in both cases were similar and 
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this strengthens the confidence in the performance of the model. 
Inpacts of an increase in the US crushing costs 
The US soybean crushing cost was increased by $9.17/MT (an increase 
of 50 percent) while all other inputs were kept at the levels used in 
the base solution for 1979. The new solution was compared to the base 
solution for 1979. The major changes from the base solution due to the 
increased crushing cost in the US are summarized in Table 5.18. 
As expected, the soybean crushing level in the US decreased. The 
increased crushing cost in the US made it more economical for the EC to 
import soybeans and crush domestically. On the whole, the exports of 
Table 5.18. Impacts of an increase in the US crushing cost by $9.17/MT 
(50 $ of the estimate in the base solution), 1979 
Change from Base Solution in 
Soybean Soymeal Soyoil Soybean Soymeal Soyoil 
Region crush prices prices prices demand demand 
(Th. MT) (US?/MT) (U3$/MT) i
 
1
 
(Th. HT) (Th. MT) 
United States -5617.2 0.0 41.74 -1.61 0.0 -66.50 
Brazil 0.0 0.0 -8.87 —1 • 6l 0.0 8.76 
Argentina 0.0 0.0 -8.87 -1.61 0.0 0.57 
EC 5194.9 0.0 -8.87 -1.61 0.0 • 2.50 
Spain 0.0 0.0 -8.87 -1.61 0.0 1.08 
Japan 0.6 0.0 -8.87 —1 • 6l 0.0 0.12 
Canada 419.5 0.0 -8.87 — 1 • 6l 0.0 0.49 
E. Europe 0.0 0.0 -8.87 -1.61 0.0 0.38 
Soviet Union 2.2 0.0 -8.87 — 1. 5l 0.0 0.39 
India -8.87 —^ — 18.24 
Pakistan ——" — — — -8.87 ——" 2.28 
RW 0.0 0.0 -8.87 —1. 6l 0.0 31.69 
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soybeans from the US increased by 5617.4 thousand MT (just equal to the 
decrease in the US soybean crushing). Accordingly, the exports of 
soymeal and soyoil from the US decreased by 1360.4 and 951.3 thousand 
MT, respectively. Total US exports of soymeal decreased to only 4457.2 
thousand MT, while US exports of soyoil were completely wiped out. 
Since soyoil production in the US fell even below the level of US 
soyoil demand in the base solution, and by specification, the US was not 
allowed to import soyoil from other countries, soyoil prices in the US 
increased by $4l.74/MT. In other regions, however, due to increased 
crushing levels, the supply of soyoil increased, resulting in a decrease 
in soyoil prices by $8.87/MT. 
The soymeal prices in all regions were directly or indirectly 
linked. Since the total production of soymeal in all regions did not 
change, the prices of soymeal did not change either. The decreased 
soyoil prices in regions other than the US pushed the soybean prices 
down by $1.6l/MT in these regions. Since the US exported soybeans into 
some of these regions and the soybean prices in the US were still linked 
to the prices in these regions, the soybean prices in the US also 
decreased by the same amount. 
This exercise emphasized a situation in which US prices for 
soybeans and soymeal were linked with their prices in other regions, 
while US soyoil prices were no longer linked with the soyoil prices in 
the other regions. If we were actually analyzing the impact of such an 
increase in US crushing costs for policy prescription purposes, this 
would have been a point of concern. Given that US soyoil prices 
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actually increased above the soyoil prices in the other regions, there 
would be an incentive for importing soyoil into the US. Consequently, 
unless there was a justifiable reason for this rigidity in the model, it 
would have been desirable to change the model specification in order to 
allow the imports of soyoil into US. However, the shortage of soyoil in 
US is not expected to occur as a result of the US embargo on exports of 
soybean and soybean products to the Soviet Union. Therefore, changing 
the specification of the model was not considered necessary. 
Impacts of a decrease in the US crushing cost 
The US soybean crushing cost was decreased by $9.17/MT (a decrease 
of 50 percent) while all other inputs were kept at levels used in the 
base solution for 1979. The new solution was compared to the base 
solution for 1979. The major changes from the base solution due to the 
decreased crushing cost in the US are summarized in Table 5.19. 
The impacts of the decreased crushing cost in the US are more or 
less a mirror image of the impacts of increased crushing cost in the US. 
As expected, a substantial decrease in crushing costs in the US resulted 
in a large shift in the location of soybean crushing away from other 
countries and to the US. This increased crushing of soybeans resulted 
in an increased supply of soymeal and soyoil in the US. The US exported 
all excess soymeal to other regions. Since total soymeal production in 
all regions did not change, and all major soymeal producing and 
importing regions remained linked directly or indirectly with each 
other, the prices of soymeal remained unchanged. 
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By specification of the model, the US could export soyoil only to 
Canada, Eastern Europe, India, Pakistan, and RW. The increased soybean 
crushing, and therefore, increased soyoil supply in these regions pushed 
the soyoil prices down by $8.42/MT in the OS as well as in these other 
regions. By specification of the model, Brazil, Argentina, the EC, 
Spain, Japan, and the Soviet Union could not import soyoil from the US. 
Ill these countries experienced a shrinked supply of soyoil, and soyoil 
prices in these regions soared by as much as $42.20/MT. 
Table 5.19. Impacts of a decrease in the US crushing cost by $9.17/MT 
(50 % of the estimate in the base solution), 1979 
Change from Base Solution in 
Soybean Soymeal Soyoil Soybean Soymeal Soyoil 
Region crush prices prices prices demand demand 
(Th. MT) (US$/MT) (US$/MT) (US$/MT) (Th. NT) (Th. MT) 
United States 11124.8 0.0 -8.42 7.64 0.0 13.40 
Brazil -3700.8 0.0 42.20 7.64 0.0 -41.64 
Argentina -3069.7 0.0 42.20 7.64 0.0 -2.70 
EC -1924.4 0.0 42.20 7.64 0.0 -11.90 
Spain -2416.5 0.0 42.20 7.64 0.0 -5.08 
Japan -3.0 0.0 42.20 7.64 0.0 -0.54 
Canada 0.0 0.0 -8.42 -1.52 0.0 0.47 
E. Europe 0.0 0.0 -8.42 -1.52 0.0 0.37 
Soviet Union -10.3 0.0 42.20 7.64 0.0 -1.87 
India —— ——— -8.42 — — —  ——" 17.29 
Pakistan — —  -8.42 — —— ——— 2.17 
RW 0.0 0.0 -8.42 7.64 0.0 30.05 
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Similarly, Canada and Eastern Europe could not import any soybeans 
under this scenario, therefore, the soybean prices in these regions were 
not linked with any of the exporting regions. The prices of soybeans in 
all other regions were linked directly or indirectly, and showed a 
uniform increase by $7.64/MT. 
This exercise also highlighted the ability of the model to break 
price linkages between regions which do not trade. Understanding this 
characteristic of the model is important in using the model successfully 
for any policy analysis. Whenever a price linkage between a pair of 
regions breaks down as a result of a policy shock to the model, one 
needs to be sure that there is a justifiable reason for expecting this 
break. It is important to be sure that the structure of the model is 
not too rigid. If a model has only a few trade channels, then it may be 
too rigid for analyzing a policy which makes trade through some of these 
channels nonfeasible. In some cases a model with few trade channels may 
be good enough for analyzing a shock of a smaller magnitude. The same 
model may be too rigid for analyzing the impact of a similar shock of a 
larger magnitude. 
Base Solution for 1980 
The collapsed demand functions for 1980 were estimated using the 
same procedure which was used for the collapsed demand functions for 
1979. The other input levels for 1980 were also estimated following the 
procedures which were used in estimating similar input levels for 1979. 
The estimated levels of these inputs for 1980 are given in Tables C.I 
120 
through C.5 in Appendix C. Using these input levels, the base solution 
was obtained for 1980. A detailed comparison of the predicted levels in 
the base solution with the observed levels for 1980 is given in Tables 
C.6 though C.12 in Appendix C. A brief discussion of prominent features 
of the base solution for 1980 follows. 
The model for 1980, like the model for 1979, predicted prices and 
demand levels exceptionally well. The maximum prediction error in 
soymeal demand was 0.28 percent (in Argentina), The prediction error in 
soyoil demand varied from 0.01 to 3.02 percent. The coefficient of 
correlation between the predicted and observed levels of soymeal and 
soyoil demand for 1980 was 1.0 and 0.99, respectively. The absolute 
prediction error in soymeal prices was less than 0.1 percent. With the 
exception of Canada, the prediction error for soyoil prices for 1980 was 
around -1.5 percent. The prediction error for soyoil price in Canada 
was -17.55 percent. In the case of soybean prices, with the exception 
of Brazil, the prediction error for 1980 was around -0.6 percent. The 
prediction error for Brazil was -12.13 percent. The coefficient of 
correlation between the predicted and observed price levels for 1980 was 
1.0, 0.96, and 0.99 for soymeal, soyoil, and soybeans, respectively. 
The predicted levels of crushing were higher than the observed 
levels in the US, Brazil, Argentina, and the EC, and were lower than the 
observed levels in the RW, Spain, and the Soviet Union. The coefficient 
of correlation between the predicted levels and observed levels of 
crushing in different regions for 1980 was 0.98. 
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The prediction errors in trade flows for 1980 were slightly higher 
than those for 1979. However, the correlation between the predicted and 
observed levels of trade flows for all the three commodities in 1980 was 
0.79. Calculated separately for different commodities, the correlation 
between the predicted and observed levels of trade flows for 1980 was 
0.55, 0.81, and 0.89 for soymeal, soyoil, and soybeans, respectively.^ 
The model for 1980 predicted the levels of prices and demands for 
different regions exceptionally well. The model also predicted 1980 
levels of soybean crushing for different regions exceptionally well. 
The prediction of the trade flows by the model for 1980 were reasonable. 
As in the case for 1979, the import sources for different regions in the 
base solution were not as diversified as indicated by the actual trade 
flow data for 1980. 
To summarize this chapter, on the whole the model predicted the 
prices and demand levels for different regions exceptionally well for 
1979. The model also predicted the observed levels of crushing and 
trade flows for 1979 reasonably well. In response to different shocks, 
the solution of the model for 1979 changed in accordance with the 
These correlation coefficients were calculated considering 
only those trade flows which were across regions. The correlation 
coefficients between the predicted and observed trade flows for 1980 
were much higher when trade flows with the same origin and destination 
were included (0.88, 0.96, and 0.99 for soymeal, soyoil, and soybean 
trade flows, respectively, and 0.97 for trade flows for all three 
commodities). 
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expectations. Finally, the solution of the model for 1980 levels of 
input also confirmed that the model can predict the prices and demand 
levels exceptionally well, and crushing levels and trade flows 
reasonably well. In conclusion, the model seemed quite satisfactory for 
analyzing the impact of the US trade embargo against exports to the 
Soviet Union. 
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CHAPTER VI. ANALYSIS OF US EMBARGO ON EXPORTS TO SOVIET UNION 
The 1980 embargo was initiated by the US to sanction the Soviet 
Union for invading Afghanistan. The embargo lasted for about 15 months 
(from January 4, 1980 to April 24, 1981). It was only a partial embargo 
on wheat and corn because the Soviets were allowed to import the 
unshipped portions of the minimum quantities (8 million tons) in each of 
the fourth (1979/80) and fifth (1980/81) years under terms of the Long 
Term Agreement with the US. For soybeans, soybean products, and other 
agricultural products, however, it was a complete embargo because these 
products were not included in the guaranteed minimum grain exports to 
the Soviet Union under the Long Term Agreement. 
Complexity of the Problem 
The overall decline in US agricultural exports after their peak 
around 1980/81 is often linked to efforts by the Soviets to boycott US 
products and weaken US credibility as a reliable supplier, and to 
efforts by other importers to diversify their supplies. However, the 
problem of declining US agricultural exports is much more complex and 
factors shaping both the size of the world market for agricultural 
commodities and the US share are numerous. Many of these factors are 
the result of economic conditions and policy decisions in both importing 
and exporting countries since 1980, which are not necessarily the result 
of the 1980 embargo. 
During the 1970s the world trade in agricultural commodities 
expanded at a phenomenal rate. World trade in coarse grains and wheat 
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increased at an annual rate of 8.10 percent and 5.27 percent, 
respectively. Similarly, during the decade of the 70s world trade in 
soybeans (including the soybeans equivalent of soymeal) and soyoil 
expanded at an annual rate of 10.29 and 12.23 percent, respectively 
(Table 6.1). Since 1980, the economic conditions in major importing 
Table 5.1. Total exports of selected agricultural 
commodities from world and from US, 1970-84& 
Total exports from world Total exports from US 
Crop Coarse Soy- Soy- Coarse Soy-
year grains Wheat beans^ Soyoil grains Wheat beans^ Soyoil 
in 1,000 meteric tons 
1970 54,222 56,475 19,761 1,114 18,612 20,167 16,349 644 
1971 57,827 56,044 21,088 1,358 24,155 16,311 15,975 790 
1972 58,685 71,601 21,601 1,218 38,747 30,382 15,659 534 
1973 81,539 72,988 25,545 1,137 40,669 33,120 18,428 484 
1974 59,829 68,415 30,523 1,148 35,925 27,719 20,954 651 
1975 88,044 73,943 27,590 1,545 50,031 31,924 16,325 456 
1976 89,151 70,809 33,185 1,713 50,604 25,855 20,940 443 
1977 95,744 75,809 34,217 2,148 56,290 30,590 20,521 702 
1978 99,839 83,995 40,408 2,653 50,199 32,500 25,956 933 
1979 108,355 93,224 43,372 2,919 71,359 37,422 27,613 1,059 
1980 118,175 94,386 52,626 3,521 69,506 41,204 32,813 1,220 
1981 109,582 108,877 49,344 3,400 58,565 48,200 27,404 740 
1982 98,368 106,773 55,357 3,590 54,020 41,068 33,117 942 
1983 102,410 110,370 52,880 4,030 55,580 38,890 25,285 830 
1984 112,170 116,120 52,605 3,670 • 55,990 38,760 21,855 750 
1970. -80 8.10 5.27 10.29 12.23 14.09 7.40 7.21 5.67 
1980-81 -1.30 5.32 0.00 1.05 -5.26 -1.51 -9.55 -11.45 
^Source: CTAP Data Base, Iowa State University, Ames, Iowa. 
^Soybean equivalent of soymeal exports included. 
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countries have been sluggish and many of the importing countries have 
taken actions to protect their domestic agricultural sectors from swings 
in the world market. As a result, world trade in most agricultural 
commodities has shown either a reduction or much lower growth rates 
during the 1980s (Table 6.1). 
Policy developments in the US since 1980 have also contributed to 
an erosion in the export position of the US. Changes in loan rates, 
target prices, supply control measures, and PL 480 funding decisions 
have been critical in determining US exports. High and rising commodity 
supports were put in place immediately after the embargo was announced 
and were included in the 1981 Farm Bill, at least in part, to offset the 
impact of the embargo. These agricultural policy responses have also 
played a role in damaging US export markets. In addition, policies of 
tight money supply and the escalating budget deficit since 1980 in US 
have resulted in a relatively high exchange rate for the US dollar 
compared to other currencies. This, in turn, has also contributed to 
the erosion of the US's competitive position in the world market. These 
agricultural, monetary, and budgetary policies pursued by the US since 
1980 have probably damaged its export market more than the 1980 embargo 
itself. 
In addition, many exporting countries have also moved to protect 
their farm economies from impacts of slowed growth or a stagnant world 
market for agricultural commodities. A combined effect of all these 
factors have translated into reduced US exports of major agricultural 
commodities. Since 1980, exports of agricultural commodities from the 
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OS have been decreasing at a rate faster than that of world markets 
(Table 6.1). As a result, the US market shares for most agricultural 
commodities have also been declining since 1980 (Figure 6.1). 
With all of these complications, it is virtually impossible to 
separate the effects of the 1980 embargo from other changes in the world 
market and the US's competitive position in it since 1980. The 
conclusions drawn in a simplistic way solely by comparing pre embargo 
and post embargo export levels and market shares are likely to be 
misleading. Therefore, the impacts of the embargo have to be estimated 
indirectly. Before discussing the empirical estimates, the nature and 
the direction of the expected impacts are described qualitatively. 
Expected Impacts of the US Trade Embargo on Soybeans 
In response to the US embargo on exports of soybeans and soybean 
products, the Soviets would be expected to import these products from 
other suppliers. In any given year the total world production of 
soybeans is fixed, and relatively small quantities of inventories are 
carried by non-US exporters. Therefore, if the Soviets were able to 
import increased quantities from suppliers other than the US, this would 
most likely be at the cost of reduced exports by these countries to 
their traditional importers. 
The Soviets may also have had to pay higher prices to lure the 
supplies away from other importers, especially if the market was short 
and these other suppliers were unable to draw sufficient quantities from 
their inventories. However, if prices in other exporting countries 
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increased relative to the prices in the US, then the countries which 
traditionally imported from these countries (other than the OS) would be 
tempted to switch their trade by importing from the US. This would 
offset the increased demand and, in turn, ease the pressure on prices in 
these countries. Whether the prices in these countries drop back to the 
pre embargo level will depend on the extent to which: a) the Soviets 
were able to import the quantities denied to them by the US without 
offering a premium to non-US exporters, b) exporters other than US were 
able to meet the Soviet demand by drawing on their inventories, and c) 
the countries which traditionally imported from countries other than US 
were able to switch their trade to the US. 
Similarly, the denial of US exports to the Soviets would decrease 
prices in the US initially. However, once a new trade pattern has 
emerged and been sorted out by market operaters in different countries, 
the initial decrease in the prices would be offset. Whether the initial 
price decrease in the US is offset completely depends on: a) the extent 
to which the loss of the US exports to the Soviet Union were offset by 
expanding US exports to countries which traditionally imported from 
other suppliers, and b) the extent to which changes in the total US 
exports were absorbed by changes in US inventories. 
Estimated Impacts of the US Trade Embargo on Soybeans 
In view of the complexities and difficulties in estimation, impacts 
of the US embargo were simulated as follows. Utilizing the world 
soybean trade model described in the previous chapters, a base solution 
was obtained for a particular year. After obtaining the base solution. 
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the OS trade embargo was introduced into the model in the form of 
quantitative constraints on soybean, soymeal, and soyoil trade flows 
from the OS to the Soviet Onion. These constraints were set to zero, 
and the model was resolved. Since the influences of all other factors 
were fixed at the same levels in both the model for obtaining the base 
solution and in the constrained solution, the difference between these 
two solutions was due to the introduction of the embargo in the model. 
By specification of the model, the time period of the analysis was 
one year. During this period the soybean production levels, transfer 
costs, and crushing costs in the model were not allowed to change. 
However, with given levels of soybean production, transfer costs, and 
crushing costs, the model allowed for adjustments in the pattern of 
trade flows. Therefore, this approach captured the impacts of the 
embargo after the new pattern of trade flows emerged and markets 
recovered from the initial shock. 
In order to guard against the unique effects in a particular year, 
impacts of the US embargo on exports of soybeans and soybean products to 
the Soviet Onion were simulated separately for two years, namely, 1979 
and 1980. For simulating the impacts of the embargo in 1979, the model 
was solved with 1979 levels of inputs and the base solution for 1979 was 
obtained. After obtaining the 1979 base solution, the quantitative 
constraints on trade flows from the OS to the Soviet Onion were intro­
duced. These quantitative constraints on trade flows were set to zero, 
and the model was resolved. The activity levels for this constrained 
solution for 1979 were compared with the base solution for 1979. 
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Similarly, for simulating the impacts of the embargo in 1980, the 
model was solved with 1980 levels of inputs and the base solution for 
1980 was obtained. After obtaining the base solution for 1980, the 
quantitative constraints on trade flows from the OS to the Soviet Onion 
were introduced and set to zero. The model was resolved and the 
activity levels for this new constrained solution for 1980 were compared 
with the base solution for 1980. 
The introduction of the embargo did not show any effect on the 
price and demand levels for either 1979 or 1980. The embargo, however, 
did result in changes in the pattern of trade for both 1979 and 1980. 
These changes for 1979 and 1980 are reported in Tables D.I through D.5 
in the Appendix D. These changes are also summarized in Tables 6.2 
through 6.4. 
Iiwacts of the embargo in 1979 
In the base solution for 1979, Brazil crushed all available 
soybeans domestically and exported only soymeal and soyoil. With the 
introduction of the OS embargo, the Soviets imported 1222.8 thousand 
metric tons of soybeans, denied by OS, from Brazil. Accordingly, 
soybeans available for crushing in Brazil decreased, resulting in an 
equivalent reduction in soybean crushing and in exports of soymeal and 
soyoil from Brazil (Table 6.2). Brazil also supplied 38.4 thousand 
metric tons of soymeal to the Soviets which in the base solution were 
supplied by the OS. However, total exports of soymeal from Brazil 
decreased by 1008.7 thousand metric tons. Similarly, exports of soyoil 
from Brazil to Eastern Europe, India, and Pakistan decreased by 180.7, 
131 
418.8, and 26.4 thousand metric tons, respectively (Table 6.2). 
For meeting the short fall in the soymeal imports from Brazil, the 
EC imported an additional 271.3 thousand metric tons of soybeans from 
the US. Accordingly, the soybean crushing level in the EC increased. 
Table 6.2. Impacts of US embargo on exports and soybean 
crushing levels, 1979 
Solution 
Variable Base with 
and region solution embargo Change Change 
(1000 MT) (1000 MT) (1000 MT) (?) 
SOYMEAL EXPORTS: 
United States 5817.6 5779.2 -38.4 -0.66 
Brazil 5727.1 4756.8 -970.3 -16.94 
Argentina 2510.9 2510.9 0.0 0.00 
TOTAL 14055.6 13046.9 -1008.7 0.71 
SOYOIL EXPORTS: 
United States 951.3 942.4 -8.9 -0.93 
Brazil 628.9 407.3 -221.6 -35.23 
Argentina 585.9 585.9 0.0 0.00 
EC 336.8 567.1 230.3 65.37 
Spain 432.7 432.5 —0.2 -0.04 
TOTAL 2935.6 2935.2 -0.4 -0.01 
SOYBEANS EXPORTS: 
United States 20258.2 20306.7 48.5 0.23 
Brazil 0.0 1222.8 1222.8 (+)% 
Argentina 99.8 99.8 0.0 0.00 
TOTAL 20358.0 21629.3 1271.3 6.24 
SOYBEANS CRUSHED: 
United States 27563.0 27514.6 -48.4 -0.17 
Brazil 9733.0 8510.2 -1222.8 -12.56 
Argentina 3604.4 3604.4 0.0 0.00 
EC 10966.8 12238.0 1271.2 11.59 
Spain 2782.8 2782.8 0.0 0.00 
Others 6020.4 6020.4 0.0 0.00 
TOTAL 60670.4 60670.4 0.0 0.00 
^Percentage increase cannot be calculated. 
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The soyoil produced by increased soybean crushing in the EC was exported 
to Eastern Europe, India, and Pakistan which offset their short fall in 
imports from Brazil. 
The combined exports of soybeans and soybean products from the OS 
did not change with the introduction of the US embargo in the 1979 
model. With the introduction of the embargo the US lost exports of 
soymeal and soyoil by 38.4 and 8.9 thousand metric tons. This loss, 
however, was offset by an equivalent increase in US soybean exports 
during the year (Table 6.2). 
The impacts of the embargo in 1980 
In the base solution for 1980, the Soviets imported soybeans, 
soymeal and soyoil only from the US. These imports amounted to 570.9, 
858.2, and 241.4 thousand metric tons for soybeans, soymeal, and soyoil, 
respectively. With the introduction of the US trade embargo, the Soviet 
imports of soybean and soyoil were switched to Brazil, while the import 
of soymeal was switched to Argentina (Table 5.3). 
This switching of imports set off a number of other changes in the 
trade flows. First, in order to meet the Soviet demand for 868.2 
thousand metric tons of soymeal, Argentina increased soybean crushing by 
802.0 thousand metric tons and decreased exports of soybeans to Easteren 
Europe. Second, in order to meet the Soviet soybeans import short fall 
caused directly by the US embargo and the short fall in Eastern Europe's 
soybean imports caused indirectly by the US embargo, Brazil decreased 
soybean crushing by 1372.5 thousand metric tons during the year. 
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As in case of the 1979 model, the combined US exports of soybeans 
and soybean products did not change with the introduction of the embargo 
in the model for 1980. However, in contrast to 1979, in 1980 the 
exports of soymeal and soyoil from the US increased by 733.2 and 155.2 
Table 6.3. Impacts of US embargo on exports and soybean 
crushing levels, 1980 
Solution 
Commodity Base with 
and region solution embargo Change Change 
(1000 MT) (1000 MT) (1000 MT) (?)  
SOYMEAL EXPORTS: 
United States 10051.5 10784.7 733.2 7.29 
Brazil 8190.0 7097.8 -1092.2 -13.33 
Argentina 1501.4 2239.7 538.3 39.85 
TOTAL 19842.9 20122.2 279.3 1.40 
SOYOIL EXPORTS: 
United States 1896.2 2061.4 165.2 8.71 
Brazil 878.1 632.0 -245.1 -28.02 
Argentina 409.4 553.2 143.8 35.12 
EC 502.1 121.0 -481.1 -79.90 
Spain 0.0 418.1 418.1 (+)& 
TOTAL 3785.8 3785.7 -0.1 0.0 
SOYBEANS EXPORTS: 
United States 19901.1 18979.3 -921.8 -4.63 
Brazil 0.0 1372.5 1372.5 (+) 
Argentina 1046.2 244.2 -802.0 1.53 
TOTAL 20947.3 20596.0 -351.3 -1.67 
SOYBEAN CRUSHED: 
United States 34493.2 35414.5 921.4 2.67 
Brazil 14545.0 13173.5 -1372.5 -9.43 
Argentina 2458.2 3250.2 802.0 32.52 
EC 12797.7 10114.5 -2683.2 -20.96 
Spain 1000.0 3332.3 2332.3 233.23 
Others 5961.5 5961.5 0.0 0.00 
TOTAL 71255.6 71255.5 0.0 0.00 
^Percentage increase cannot be calculated. 
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thousand metric tons, respectively. Accordingly, the exports of 
soybeans from the US during the year decreased by 921.8 thousand metric 
tons (Table 6.3). 
Since the data for prices, crushing costs, and transfer costs for 
the EC were used as proxies for Spain, the changes in crushing levels in 
the EC and Spain should not be given serious consideration. Only the 
total effect on crushing levels in both of these regions is relevant. 
As a result of the embargo constraints, the crushing level in the EC 
decreased by 2683.2 thousand metric tons, while the crushing level in 
Spain increased by 2332.3 thousand metric tons. In aggregate, the 
crushing level in both the EC and Spain decreased by only 350.9 thousand 
metric tons, a relatively modest change. 
The impacts on the Soviet Union 
As discussed earlier, the simulations for both 1979 and 1980 showed 
that the Soviets were able to import all of the soybeans and soybean 
products denied to them by the US from US competitors, namely Brazil and 
Argentina (Table 5.4). The Soviet import demand for soybeans and 
soybean products was a relatively small fraction of the total exports of 
these products by US competitors!. Therefore, it was relatively easy 
^During each of the years 1979 and 1980, less than 17 percent of 
the soymeal and soymeal equivalent of soybeans exported from Brazil and 
Argentina was sufficient to meet the annual Soviet import demand for 
soymeal (soymeal equivalent of soybean imports included). Similarly, 
during each of the years 1979 and 1980, less than 16 percent of the 
soyoil and soyoil equivalent of soybeans exported from Brazil, 
Argentina, EC, and Spain was sufficient to meet the annual Soviet import 
demand for soyoil (soyoil equivalent of soybean imports included). 
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for Soviet Onion to fill import demand from non-US sources without 
creating any significant pressure on export prices in these countries. 
Moreover, there was no need for the Soviets to pay higher prices to lure 
the supplies away from traditional markets for non-US exporters. 
On the whole, the results of these simulations show that despite 
the US trade embargo on exports of soybeans and soybean products to the 
Soviet Union, the demand and price levels in different regions remained 
unchanged. In both 1979 and 1980 despite the US trade embargo, the 
Soviets were able to import the soybeans and soybean products denied to 
them by US from Brazil and Argentina. In both these years, the embargo 
only touched off a shift in the tradional trade patterns. The combined 
exports of soybeans and soybean products from major exporters remained 
unchanged. 
Implications for the US Embargo on Coarse Grains and Wheat 
As discussed earlier, the US-USSR Long Term Grain Agreement for 
1975-81 allowed Soviets to purchase 8 million metric tons of US coarse 
grains and wheat annually without consulting the US government. The 
1980 trade embargo on US exports to the Soviet Union permitted the 
Soviets to purchase the 8 million metric tons of US grains (the minimum 
allowed under the Long Term Grain Agreement) during each of the two 
remaining crop years, i.e., 1979 and 1980. The 1980 US embargo, 
however, denied Soviets any additional purchases of grain from the US. 
Based on the results of the analysis for soybeans and soybean products, 
the possible impacts of the US Trade embargo on the exports of coarse 
grains and wheat to the Soviet Union can be extrapolated as follows. 
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The extent to which the total Soviet grain imports were actually 
affected by the US embargo has been and will continue to be a matter of 
debate. The USDA contends that during January-June, 1980, Soviets 
intended to import 20.6 million metric tons of coarse grains and wheat, 
of which 15.3 million metric tons were to be purchased from the US. Due 
to the embargo, the Soviets could purchase only 3.1 million metric tons 
of US grain during the period. Out of the remaining 12.2 million 
Table 6.4. Impacts of US embargo on Soviet Union's imports, 
1979 and 1980 
1979 1980 
Solution Solution 
Commodity Base with Base with 
and origin solution embargo solution embargo 
(1000 MT) (1000 MT) (1000 MT) (1000 MT) 
SOYMEAL: 
United States 38.4 
Brazil 0.0 
Argentina 0.0 
Others 0.0 
TOTAL 38.4 
SOYOIL: 
United States 0.0 
Brazil 0.0 
Argentina 0.0 
Others 0.0 
TOTAL 0.0 
SOYBEANS: 
United States 1222.8 
Brazil 0.0 
Argentina 0.0 
Others 0.0 
TOTAL 1222.8 
0.0 868.2 0 .0  
38.4 0.0 0.0 
0.0 0.0 868.2 
0 .0  0 .0  0 .0  
38.4 868.2 868.2 
0.0 241.4 0.0 
0.0 0.0 241.4 • 
0 . 0  0 . 0  0 . 0  
0.0  0 .0  0 .0  
0.0 241.4 241.4 
0.0 570.5 0.0 
1222.8 0.0 570.5 
0 .0  0 .0  0 .0  
0 .0  0 .0  0 .0  
1222.8 570.5 570.5 
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metric tons, the Soviets were able to purchase 6.2 million metric tons 
from other grain exporting countries. The USDA concluded that the 
Soviets were unable to import about 6 million metric tons of grain 
during the period of January-June, 1980 as a result of the OS embargo 
(BSCS 1980:11-12). 
For determining the impacts of the trade embargo, however, the 
period of six months is too short. We have to allow sufficient time for 
adjustments in the world trade pattern. The embargo was in force during 
the crop years 1979 and 1980. The total Soviet imports of coarse grains 
and wheat for crop years 1979 and 1980 were 93 percent higher than 
imports for the preceding two crop years. Compared to this, Soviet 
imports of coarse grains and wheat for the following two years (1981 and 
1982) increased only by 18 percent. The substantial increase in total 
Soviet imports during the period of the embargo suggests that despite 
the US embargo, the Soviets were able to import all the grain they 
wanted. 
In 1978 (prior to the embargo), the OS market share was about 83 
percent of Soviet coarse grains imports and about 55 percent of Soviet 
wheat imports. Due to the US embargo, in 1979 the US market share 
decreased to about 32 percent of the coarse grains and wheat imports by 
the Soviets (Table 6.5). The market share of other grain exporting 
countries increased substantially. Despite removal of trade embargo on 
April 24, 1981, the US market share in Soviet grain imports has not 
recovered (Table 6.5). 
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The Soviets probably did not have to pay a premium for attracting 
the higher proportions of grain from non-US origins. The Soviets 
imported only 34 percent and 25 percent of the coarse grains exported by 
all non-US exporters during the crop years 1979 and 1980, respectively. 
Similarly, the Soviets imported only 15 percent and 24 percent of wheat 
exported by all non-US exporters during the crop years 1979 and 1980, 
respectively. The continued increased reliance on non-US suppliers by 
the Soviets for importing grains despite removal of embargo suggests 
that the Soviets probably did not pay higher prices to non-US suppliers. 
Table 5.5. US and non-US market shares in Soviet coarse grains and 
wheat Imports^ 
US market Non-US 
share in share in 
Soviet Soviet 
imports imports 
( ? )  ( ? )  
Commodity 
Crop 
year 
Total 
Soviet 
imports 
(1,000 MT) 
11,713 
9,921 
18,400 
18,000 
25,500 
11,300 
6,649 
5,549 
12,125 
16,000 
19,500 
20,200 
Soviet 
imports 
from US 
(1,000 MT) 
9,228 
8,251 
5,874 
5,738 
7,772 
3,200. 
3,288 
2,867 
3,900 
3,000 
6,684 
3,017 
78.78 
83.17 
31.92 
31.88 
30.48 
28.32 
49.45 
55.76 
32.16 
18.75 
34.28 
14.94 
21.22 
16.83 
68.08 
8.12 
59.12 
71.68 
50.55 
44.24 
67.84 
81.25 
65.72 
85.06 
US Market 
share in 
world 
exports 
( % ) 
58.79 
60.30 
65.97 
58.82 
53.40 
54.92 
40.35 
38.69 
40.14 
43.65 
44.27 
38.46 
COARSE GRAINS: 
1977 
1978 
1979 
1980 
1981 
1982 
WHEAT: 
1977 
1978 
1979 
1980 
1981 
1982 
^Source; CTAP, Data Base. 
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The OS market share in the world exports during crop years 1979 and 
1980 actually increased compared to the two preceding crop years in case 
of both coarse grains and wheat. This indicates that total US exports 
of grain probably did not suffer due to the embargo. In other words, 
the loss of any sales to the Soviet Union was offset by additional 
exports to other countries which could not import from the other 
exporters. 
It is reasonable to conclude that for coarse grains and wheat, as 
in case of the soybeans and soybean products, the OS trade embargo only 
changed the trade patterns. There was probably little or no effect of 
the US trade embargo on either grain prices in different countries or on 
the total quantities of grain exported and imported by different 
countries. 
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CHAPTER VII. SUMMARY AND CONCLUSION 
The main objective of this study was to analyze the impacts of the 
1980 US trade embargo on exports of soybeans and soybean products to the 
Soviet Union. Obviously, the US denial of soybeans and soybean products 
forced the Soviets to buy these products from US competitors, and hence 
the probable impacts of such an embargo would not only effect the US and 
the Soviet Union, but all other major exporters and importers of these 
products as well. Therefore, any serious effort to assess the impacts 
of the US trade embargo has to be made in the context of the whole world 
trade in soybeans and soybean products. 
Despite rapid increases in the world production of soybeans, 
commercial production of soybeans has been concentrated in only four 
countries, namely the United States (US), People's Republic of China 
(PRC), Brazil and Argentina. During the late 1970s all of the soybean 
production in PRC was utilized domestically. The exportable surplus of 
soybeans and soybean products originated mainly in the US, Brazil, and 
Argentina. 
Except for small quantities of soybeans consumed in the form of 
whole beans in far east Asian countries, the demand for soybeans is 
mainly derived from the demands for soymeal and soyoil. Soymeal and 
soyoil are joint products, obtained in more or less fixed proportions by 
processing soybeans. On an average, processing of soybeans yields 
approximately 80 percent soymeal and 17 percent soyoil. 
Over the years, the demand for high protein meals has increased due 
to the rapid increases in intensive livestock production, especially in 
141 
developed countries. Due to its relatively high protein meal content 
compared to other oilseeds and to rapid increases in its production, 
soybeans have been very popular for meeting the increasing demand for 
protein supplemenation of livestock feeds. 
Countries that do not produce soybeans can either import soymeal, 
or import soybeans and process them domestically. Since the soymeal 
cannot be stored for a long period of time and since crushing of 
soybeans domestically provides additional employment in the importing 
countries, a number of countries import both soymeal and soybeans. Some 
of the soybean importing countries even end up with surplus soyoil which 
they export to other countries. The import demand for soyoil has been 
largely in countries which are less developed and have low per capita 
income. Therefore, in order to capture a complete picture it is 
necessary to analyze the world trade in soybeans as well as in soymeal 
and soyoil simultaneously. 
Different types of commodity trade models, namely, export demand 
models, nonspatial price equilibrium models, spatial price equilibrium 
models, and market share models were reviewed and critically evaluated. 
After weighing the strengths and limitations of each of these models, it 
was concluded that.the spatial price equilibrium approach was the most 
appropriate for analyzing the impacts of the OS trade embargo. 
For assessing these impacts a twelve region, three commodity, 
single period spatial price equilibrium model was specified. These 
twelve regions were the OS, Brazil, Argentina, EC, Spain, Japan, Canada, 
Eastern Europe, Soviet Onion, India, Pakistan, and rest-of-the-world 
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(RW). The EC was specified as an aggregated region of nine countries, 
namely, France, the Federal Republic of Germany, the Netherlands, 
Belgium, Luxemburg, Italy, Denmark, the United Kingdom, and Ireland. 
Similarly, Eastern Europe (EE) was specified as an aggregated region of 
seven centrally planned countries in the Eastern Eururope, namely, 
Bulgaria, Czechoslovakia, the German Democratic Republic, Hungary, 
Poland, Romania, and Yugoslavia. The rest-of-the-world (RW) region was 
an aggregated residual region. Soymeal and soyoil were specified as 
final commodities for which the demand functions were explicitly 
introduced in the model. The soybeans were treated as an intermediate 
commodity and its demand derived from the demands for soymeal and 
soyoil. 
The US, Brazil, and Argentina were specified as regions which 
exported soybeans as well as soymeal and soyoil. Except for Spain, 
India, and Pakistan, all the other remaining regions were specified to 
import all the three commodities. Spain was specified as a region which 
imported soybeans and soymeal and exported soyoil. India and Pakistan 
were specified as regions which only imported soyoil. 
The inputs requirements for the model were: a) regional production 
of soybeans, b) regional inventories, c) regional soymeal and soyoil 
yields per unit of soybeans processed, d) the final demands for soymeal 
and soyoil for different regions in price dependent form, e) per unit 
transfer costs, and f) per unit soybean crushing costs. Regional 
production of soybeans and inventories were assumed to be exogenously 
determined. The soymeal and soyoil yields for all regions were fixed at 
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world average level. A brief discussion of the estimation of other 
inputs in the model follows. 
For each of the regions in the model, except for India and 
Pakistan, two demand equations, one for soymeal and one for soyoil, were 
estimated. Since the demand for soymeal was negligible in India and 
Pakistan, only soyoil demand equations were estimated for these regions. 
All demand equations were estimated in quantity dependent form by 
ordinary least squares using annual data for the years 1955 through 
1980. 
Soymeal demand equations were estimated for the US, Brazil, 
Argentina, the EC, Spain, Japan, and Canada by regressing total domestic 
disappearance of soymeal in the region on the prices of soymeal, the 
prices of other major protein meals in the region, and other related 
variables. The soyoil demand equations for these regions were estimated 
by regressing per capita disappearance of soyoil in the region on the 
prices of soyoil, the prices of other major competing vegetable oils in 
the region, and some other relevant variables. For the remaining 
regions, namely, EE, the Soviet Union, India, Pakistan, and the RW, the 
domestic production of soybeans was ignored and net import demand 
equations were estimated. 
Except for Argentina, EE, Soviet Union, and RW, prices were 
represented in domestic currency units deflated by the appropriate 
inflation indices. The European port prices in US $/MT were used as 
proxy for prices in Argentina and RW. The European port prices (in US 
$/MT) deflated by London gold prices (in US $/oz) were used as proxy for 
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prices in the import demand equations for EE and the Soviet Union. 
All of the equations fit the data well, and none showed signs of 
serious first order serial autocorrelation. All the variables in the 
equations had the hypothesized signs. Except for Argentina and the RW 
regions, the soymeal demand elasticities with respect to own prices, 
calculated at 1980 levels (e80), varied from -0.45 to -0.21. These are 
similar to the estimates reported by other researchers. 
The soyoil demand elasticities with respect to own prices 
calculated at 1980 level (e80) indicated that soyoil demand was elastic 
only in Argentina, India, and Pakistan. Of the remaining regions, 
soyoil demand in Brazil and the RW was relatively more elastic with e80 
being -0.54 and -0.83, respectively. The demands for soyoil in other 
regions were quite inelastic, with e80 ranging from -0.35 for Spain to 
-0.01 for Japan. For the US and EC, the e80 for soyoil demand was 
estimated to be -0.25 and -0.08, respectively. On the whole, estimated 
soyoil demand elasticities seem to be reasonable when compared to the 
estimates reported by other researchers. 
All exogenous variables were fixed at predetermined levels (at the 
1979 level for obtaining input for 1979) and their influences were 
collapsed into the intercepts. The collapsed demand functions were then 
expressed in price dependent form. 
The per unit transfer costs for moving a commodity between two 
regions consists of: a) transportation and handling costs, b) insurance 
costs, c) tariffs in exporting and importing countries, and d) costs for 
services of exporters and importers. Data on these costs were not 
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readily available. Therefore, these costs were approximated indirectly 
assuming that markets were competitive and efficient. Based on this 
premise, differences in the prices in the importing and the exporting 
countries were calculated, and assumed to be equal to the relevant 
transfer costs. 
The per unit crushing costs were also not readily available. 
Assuming competitive and efficient markets the crushing costs for 
different regions were initially approximated by the crushers' margin 
based on regional prices and the world average soymeal and soyoil 
yields. 
The model was solved with these initial crushing costs together 
with all other input estimates and the average yields of soymeal and 
soyoil for 1979. The model was quite successful in predicting regional 
demands and prices, but was unable to predict trade flows and crushing 
levels reasonably well. Some experimentation revealed that the model 
was very sensitive to changes in transfer costs and crushing costs. 
The initial crushing costs were calculated using the regional 
prices and world average yields of soyoil and soymeal. However, actual 
recovery of soyoil and soymeal may vary from region to region due to 
variations in; a) crushing efficiency in different regions, and b) oil 
and meal contents of soybeans because of weather conditions during the 
growing season. This problem could have been resolved by either 
treating the soybeans produced in different regions as a differentiated 
commodity or by adjusting the crushing costs. Since the differentiation 
of soybeans grown in different regions would have enlarged the spatial 
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equilibrium model many times, the initial estimate of crushing costs 
were adjusted as follows. 
The model was solved with the initial estimates of crushing costs 
along with other input levels for 1979. However, the crushing levels in 
this case were constrained at levels observed during 1979. The shadow 
prices for these crushing level constraints for different regions were 
then used to adjust the initial crushing cost estimates. Once the 
adjusted crushing cost were obtained, the crushing level constraints 
were removed from the model and the initial crushing costs were replaced 
by these adjusted crushing costs. 
The model was then solved with the 1979 input levels. The model's 
predictions of regional prices, demand and soybean crushing levels were 
exceptionally good. The trade flows predictions of the model were 
reasonable. The main weakness of the model was that the import sources 
for different regions in the solution were not as diversified as 
indicated by the observed trade flow data for 1979. The model was then 
shocked by: a) increasing the US soybean production by 8.24 percent, b) 
increasing the OS soybean crushing cost by 50 percent, and c) decreasing 
the OS soybean crushing costs by 50 percent. The changes in the base 
solution in response to these shocks were carefully analyzed and the 
behavior of the model was found to be satisfactory. 
The model was also solved with 1980 levels of inputs. As in case 
of 1979, the model predicted prices, demand and crushing levels 
exceptionally well. The prediction errors in trade flows for 1980 were 
slightly higher than those for 1979. As in the case for 1979, the 
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import sources for different regions in the solution were not as 
diversified as indicated by the observed trade flows for 1980. 
Based on the overall performance, it was concluded that the model 
was quite satisfactory for the purpose of this study. The impacts of 
the US trade embargo were simulated as follows. First, the model was 
solved with 1979 levels of inputs and the base solution for 1979 was 
obtained. Second, the US trade embargo was introduced into the model in 
the form of quantitative constraints on soybeans, soymeal, and soyoil 
trade flows from the US to the Soviet Union, and were set to zero. 
Third, the model was resolved and the constrained solution was obtained. 
Finally the constrained solution was compared to the base solution and 
the differences in the two solutions were calculated. Since, the levels 
of soybean production, transfer costs, crushing costs, and all other 
inputs were kept at the same level in both the base and the constrained 
solutions, the difference between these two solutions reflected the 
impacts of the US embargo. However, by specification, model allwed for 
adjustments in the pattern of trade flows. Therefore, this approach 
captured the impacts of the embargo after the new pattern of trade flows 
emerged and markets recovered from initial shock. Similarly, impacts of 
the US embargo were simulated with the 1980 input levels in the model. 
The introduction of the US embargo on the exports of soybeans and 
soybean products to the Soviet Union did not cause any change in the 
price levels, or the total quantities of different products available in 
different regions for either 1979 or 1980. The Soviet Union, in both 
cases, was able to meet all their import demand. In both cases, the 
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trade pattern changed. With the OS embargo, all Soviet imports 
originated from Brazil and Argentina. However, with increased exports 
to the Soviet Onion, these countries were unable to export to their 
traditional trading partners, and this trade was switched to the OS. OS 
losses of sales to Soviet Onion were fully offset by additional OS sales 
to other importers. 
The impacts on the levels of crushing and relative mix of soybeans 
and soymeal exports from the OS and other exporters were less clear. 
With 1979 levels of inputs, crushing levels in the OS did not show much 
change. The soybean crushing in Brazil decreased by about 1,222 
thousand MT (12.56 %), resulting in increased exports of soybeans and 
decreased exports of soybean products from Brazil. The decrease in 
Brazilian crush was offset by an increased crush in EC by approximately 
the same quantity. Accordingly there was an increase in the world 
soybeans trade and a decrease in the world soymeal trade. 
With 1980 levels of inputs, the crushing level was again decreased 
in Brazil by about 1,372 thousand MT (9.43 %), resulting in increased 
soybeans exports and decreased soymeal exports from Brazil. In contrast 
to 1979, the soybean crushing in EC for 1980 decreased by about 2,683 
thousand MT (20.96 %). Accordingly, the imports of soymeal by EC 
increased and the exports of soyoil from EC decreased. The decrease in 
crushing levels in Brazil and EC was offset by increased crushings in 
the OS, Argentina and Spain. The increase in the OS crushing as a 
result of introducing the embargo in the model for 1980 amounted to 
about 921 thousand MT. Accordingly, the exports of soybeans from OS 
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decreased and the exports of soymeal and soyoil from the US increased. 
The swings in the individual regions' crushing levels should be 
viewed with great caution. A number of factors contributed to this poor 
confidence in the simulated impacts of the embargo on the crushing 
levels. First, the behavioral functions for crushers were not specified 
in the model. The model assumed that the crushing industry operated on 
cost bases. Second, the estimation procedure for crushing costs was 
such that it resulted in a number of regions with the same per unit 
crushing costs (for example EC and Spain). From the point of view of 
programing algorithm, the location of crushing within the class of 
regions with the same crushing costs did not make much difference. 
Therefore, changes in the total crushing levels in all the regions with 
the same crushing costs are a more appropriate indication of the impacts 
of the trade embargo on the crushing levels. 
In conclusion, it seems quite obvious that the US trade embargo on 
exports of soybeans and soybean products to Soviet Union was merely a 
political gesture. The Soviets were able to import all the quantities 
of soybeans and soybean products they wanted. There is no evidencse 
that the Soviets had to pay higher prices to attract the soybeans and 
soybean products from the US competitors. The US embargo only changed 
the traditional trade pattern. The total exports of soybeans and 
soybean products from US did not change. The exports of these products 
from the US Competitors did not change either. Most probably, there was 
some impact of the embargo on the regional crushing levels and the 
product mix of exports. However, the simulated impact of the embargo on 
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crushing levels and the product mix in the exports from different 
regions should be interpretted with great caution. The actual impact of 
the embargo on the crushing levels and the product mix was, probably, 
much smaller than those stipulated by these simulated impacts. 
The future research in this area should be pursued in at least four 
directions. First, an effort should be made to improve the data 
contents of the model, especially.some work in estimation of the 
transfer costs and the crushing costs is needed to be done. Second, an 
effort should be made to incorporate the profit maximizing behavior of 
the crushers in the model. Third, when the additional data observations 
are available, the demand and supply equations for all region should be 
estimated simultaneously, and the model should be resolved with improved 
estimates of price response coefficients. Fourthly, an effort should be 
made to make the model multi-period so that soybean production can be 
specified as function of the lagged prices. This will be helpful in 
improving the model's capability to assess both short term and long term 
impacts of country specific trade policies relating to soybeans trade in 
the future. 
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APPENDIX A; GENERAL STRUCTURE OF SPATIAL PRICE EQUILIBRIUM MODELS 
The problem of spatially separated markets has a long history in 
economics and involves many great names in theoretical economics. 
However, it was Enke (1951) who generalized the problem of interspatial 
markets and gave it an elegant solution by using an electric analogue. 
Samuelson (1952), taking the case of single commodity, showed that such 
a purely descriptive problem from nonnormative economics can be artifi­
cially cast into a mathematical maximization problem. Later, Takayama 
and Judge (1964, 1971) extended and modified Samuelson's formulation to 
suit the multicommodity case under varied conditions. The objective of 
this appendix is to describe the essential elements of spatial equi­
librium model and briefly discuss the historical evolution of the 
complex versions of these models. First, the essential elements of 
single commodity equilibrium models in a competitive market setting are 
discussed. Second, the evolution of different multicommodity models is 
discussed. Finally, some extensions of these models for accommodating 
major types of trade barriers are discussed. 
Single Commodity Models 
Assuming a competitive market setting, linear demand and supply 
functions for n regions, and fixed per unit transportation costs between 
different regions, Samuelson (1952) converted the spatial equilibrium 
problem into a problem of maximizing aggregate social net payoff. 
Samuelson defined the social payoff for a particular region as an 
algebraic area under its excess demand curves. The area under the 
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excess demand curve for a region is also equal in magnitude (but 
opposite in algebraic sign) to the area under its excess supply curve. 
The social net payoff is defined to be simply social payoff less total 
transportation cost. Mathematically stated, Samuelson's formulation is 
as follows: 
/•Exkij 
I  
Max NSP = 22 NSPi = ^ # ESki(x) d(x) 
' Jo 
Where, 
Xkij = trade flow of commodity k from region i to region j, 
ESki = excess supply function for commodity k for region i, 
tkij = per unit cost of transporting commodity k from region i to 
region j, and 
d(x) = indicates the integration along quantity axis. 
Assuming the prices are converted into one currency, the two region 
case for such a problem can be easily shown graphically by a standard 
back to back diagram. As shown in Figure A1, in the absence of trade, 
the regional market clearing prices will be Pkl and Pk2 in region 1 and 
2 respectively. Assuming that transporting a unit of commodity k from 
region 1 to region 2 costs tk12, if trade is allowed, the region 1 will 
export xkl-xkl quantity to region 2. This will also result an increase 
in the prices from Pkl to Pkl in the exporting region (1). In the 
importing region (2) prices will decrease from Pk2 to Pk2. It is quite 
clear from Figure A1 that the NSP is equal to the sum of areas abPkl, 
and cdPk2. 
- E tkij*Xkij (A1) 
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Price/Unit 
Sk2 
Dkl 
ESk2 
Ski 
ESkl 
Pki 
Xkl2 Quantity ykl ykl 
l^kl xkl 
QuSHwXwy 
Region 2 Region I 
Figure A1. Spatial equilibrium in case of single commodity 
and two regions 
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Defining a quasi welfare function for region i, 
^yki . rxki . 
WkiCyki, xki) = / Pki(yki) d(yki) - / P^^(xki) d(xki) (A2) 
Jq JQ 
Where, 
Pki = demand price for commodity k in region i, 
= supply price^ for commodity k in region i, and 
awki 
Assuming that the quasi welfare function is additive, the 
aggregative net quasi welfare function for all regions can be written as 
follows; 
/•yki rxki . 
NWk(yk, xk, Xk) = %] f Pki(yki) d(yki) - S / P^^(xki) d(xki) 
i -'O i •'O 
- H L tkij*Xkij (A3) 
i j 
Since Wki is strictly concave and ^ tkij*Xkij term is a 
i j 
linear function, NWk is a concave function. The natural quantity of 
demand, supply and trade flows can be specified as follows: 
yki < 2]xkji for i=1,2,...,n, (A4) 
j 
xki > %]Xkij for i=1,2,...,n, (A5) 
j 
yki, xki, Xkij >0 (A6) 
^In equilibrium, of course Pki = P^^ will hold. 
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Given these definitions and specifications, Takayama and Judge 
(1970) showed that Samuelson's problem can be equivalently specified as 
to find yki, xki, and Xkij which will maximize NWk(yk, xk, Xk) subject 
to natural constraints (A4), (A5), and (AS). 
As long as some xki > 0, the Slator condition is satisfied and 
since NWk(yk, xk, Xk) is bounded from above, by Weirstress theorem, 
solution for the problem exists. Since the single commodity models are 
not our main interest, the discussion regarding the necessary and 
sufficient conditions is delayed until milticommodity models are 
introduced in the next section. 
Multicommodity Models 
In formulation of multicommodity spatial equilibrium models, the 
question whether the demand and supply functions are integrable becomes 
crucial. In the case of the presence of some trade barriers, the nature 
of the trade barrier is also important in the formulation of the 
problem. For these reasons, a case of integrable demand and supply 
functions with no trade barriers is presented first. This is followed 
by a case of nonintegrable demand and/or supply functions. Finally, the 
issues relating to trade barriers are dealt with. 
Before presenting a case of integrable demand and supply functions, 
it may be pointed out that spatial price equilibrium models are 
basically nonnormative models. These are artificially converted into 
mathematical maximization (or minimization) problems. The objective 
function in these models may not necessarily have any welfare 
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implications.2 Any function which at maximum (or minimum), subject to 
some constraints, gives spatial price equilibrium solution, can be used as 
an objective function. The optimization technique in this type of model 
is basically used as a vehicle to predict the outcome of market arbitrage 
activities, given the conditions specified in the model as constraints. 
Whenever demand and/or supply functions are nonintegrable we cannot 
specify an objective function with a welfare measure. Similarly, when there 
are trade restrictions, we have to specify an objective function which may 
not necessarily measure social welfare. Under these circumstances the 
artificial nature of the objective function comes to our rescue. 
Integrable demand and supply 
functions, and no trade barriers 
Defining demand relationships for m commodities in region i as 
P.i = A.i - (w.i) y.i (A7) 
Where, 
P.i = (Pli, P2i, ...Pki..., Pmi)' 
X.i = (Xli, X2i, ...Xki..., Ami)' 
y.i = (yli, y2i, . .yki.ymi)' 
('wlli w12i ... Wlmi^ W21i W22i ... w2mi • • • • • • • • 
wmli wm2i ... wmmi) 
— a m*m positive definite or semi-definitive matrix. 
2 
"This magnitude of net social payoff is artificial in the sense 
that no competitor in the market will be aware of or concerned with it. It 
is artificial in the sense that after an invisible hand has led us to its 
maximization, we need not necessarily attach any social welfare significance 
to the result" (Samuelson 1952:288 footnote). 
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Defining supply relationships for m commodities in region i as 
P.i = i/.i + (77.i) x.i (A8) 
where, 
P. i = (Pli, p2i, .. . Pki .. . Pmi)' 
f .  i = ( 1/1 i, f  2i, .. . .  i /k i  . ,  , .  l /mi )  *  
X .  i = (xli, x2i, .. . xki .. . xmi)' 
/)711i J7l2i .. . ï7lmi\ 
f?' i = / 77211 %22i ., .. 772mi J 
\ • • * 
\7?m1i %m2i .. : / . T^mmi/ 
— a m*m positive definite or semi-definite matrix. 
Assuming that the demand and supply relationships are integrable i.e., 
£j.i's and ?;.i*s are symmetric, the quasi welfare function for a region i can 
be specified as follows: 
^y.i 
Wi(yi, xi) = / (X.i - (W.i) y.i) d(y.i) 
Jo 
/-x.i 
- I (P.i + (>7.i) x.i) d(x.i) (A9) 
Further assuming that the quasi welfare function is additive, the quasi 
welfare function for all regions net of transportation costs can be written 
as follows: 
NW( y ,  X ,  X) =X^Wi( y.i, x.i) - T'X (A10) 
Where, 
T = (TT, T2', ... Tk' ..., TmO', 
Tk = (tkll, tk12, ... tkin, tk21, tk22, ... tkij ..., tknn)', and 
X = (Xkll, Xk12, ... Xkin, Xk21, Xk22, ... Xkij ..., Xknn)'. 
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Integrating, ignoring constant terms and rearranging some elements in 
some vectors and matrices, the NW(y, x, X) can be written as follows: 
» w « . x ,  = ( . ? ) •  ( l y  ( J  I )  i l )  
Where, 
Y = (y11...y1n, y21...yki..., ymn, x11...x1n, x21...xki..., xmn)', 
C = (Xl1...Aln, A.21...Xki..., Xmn, -y11...-f/1n, ... -yki..., -pmn) 
A 
/Oil fl12...fllm\ /wkbl 
Q =[Q2^ Q22 /  
I : ; % : y , and ijkh = I oAchi 
1  QwZ . . .  QmaJ \ 
\ "wkhn 
(H11 H12 ... H1m\ /77kh1 H21 H22 ... H2m \ / : : I i ' Hkh = I Hkhi 
Hml Hm2 ..*. Hmm/ \ 
\ TJkhn 
As long as w.i's and Ty.i's are symmetric and positive definite or 
positive semidefinite, WiCyi, xi) is a continuous concave function of 
yki and xki. If wi and T].i are positive definite (or positive 
semidefinite), by construction is positive semidefinite and 
therefore, NW(Y, X) is a concave function of yki and xki. 
Since there are m commodities, there will be m sets of natural 
quantity constraints of (A4), (A5), and (A6) type — one set for each 
commodity. These natural constraints can be written in compact form as 
follows; 
(E G) > 0, and (A12) 
166 
Y», X» > 0 (A13) 
Where, 
-I 
-I 
G = 
G1 
Gk 
(kn 
-G1 
-Gk 
-Gk 
Gk = 
Gk 
1 1 
1 1 
* 1 
1 1. . . 1  
1 J 
, and 
1  1 . . . 1  
1  1 . . . 1  
Following Takayama and Judge (1970) this problem can also be stated 
as to find Y, X that will maximize (All) subject to (A12) and (A13). As 
long as some xki > 0, the slator condition is satisfied and therefore, 
the solution set is nonempty. It can be easily shown that (A1) is a 
continuous function and is bounded from above. Therefore, by the 
Wierstress theorem, a solution for the problem exists and the following 
Lagrangian can be formed to express the problem. 
U )a) - v a © ' ( 5  : )  Tx)) (") 
Where, 
P= (Pl1...Pln,P21...Pki...pmn,P^^../>l°,p21...^i...pnin), 
— a 2*m»n vector of Lagrangiem multipliers. 
Pki and can be interpretted as shadow demand prices and 
shadow supply prices respectively. The necessary conditions for NW(Y, X) 
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to be maximum can be obtained by taking derivatives of 0(Y, X, f>) with 
respect to Y, X, and p. 
- C - AY + S'P < 0 , and (^) » Y = 0 (A15) 
aY dY 
= G»P - T < 0 , and (-^) ' X = 0 (A16) 
a x  a x '  
|i= (E > 0 , and (-|^)'P = 0 (A17) 
Substituting (A?) and (A8), (A15) can be expanded as follows: 
= Pki - Pki < 0 , and ( . \ yki = 0 (A15.a) 
ayki ayki 
for all k's, and all i's, 
a0_ = - pki + pki < 0 , and ( \ xki =0 (A15.b) 
^axki' 
for all k's, and all i's. 
( 
axki  xk  
These conditions imply that for yki > 0. Pki = Pki and for xki > 0, 
pki _ pki However, for yki = 0, Pki - Pki < 0; and for xki = 0, 
- P^^ < 0 must hold. This covers all irregular cases of demand and 
supply and ensures that yki and xki > 0. 
Similarly, (A16) can be expanded as follows: 
= Pkj - pki _ tkij < 0, and ( ) Xkij = 0 (Al6.a) 
axkij axkij 
for all k's, i's, and j's. 
These conditions imply that if a commodity k is being traded, then 
at spatial equilibrium the prices in the importing region must not 
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exceed the prices in the exporting region by more than the cost of 
transporting the commodity from the exporting region to the importing 
region. 
The condition (A17) can be expanded as follows: 
ÈÉ— = - yki +2]xkji > 0 , and (ÊÉ_) pki = 0 (A17.a) 
apki j aPki 
for all k, and i, and 
= xki -%]xkij > 0 , and (-^^) p^i = q (AIT.b) 
j ap^ 
for all k, and i. 
These conditions imply that total consumption of commodity k in any 
region must not exceed the total shipment into the region from all 
regions. And, the possibility of excess supply in any region must only 
be in the case when the price of the commodity in the region is zero. 
The sufficient condition for NW(Y, X) to be maximum for this 
/A 0\ 
problem reduces to the requirement that gy be positive semidefinite. 
This condition is met by the assumption that Q and H are positive 
semi-definite. For the solution of the problem to be unique, the 
quadratic matrix ^^is required to be positive definite, which is 
certainly violated due to the presence of zeroes in the quadratic 
matrix. This results in a convex compact solution set formed by a 
number of solutions (Arrow et al. 1958:155). However, if A is a 
positive definite matrix, then the solution for variables corresponding 
to matrix A will be unique (Takayama and Judge 1971:19). 
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If maximizing (All) subject to (A12) and (A13) has a solution at Y, 
X, then by using the reducibility theorem^, we can write the following 
primal linear programming problem. 
Max m(Y, X) = ((.5) - (J °) (I))' (I) (A,S) 
subject to (eg) > 0 , and (A12) 
Y», X» > 0 , (A13) 
which will have a solution at Y = Y, and X = X. 
Using the duality theorem, a dual problem for the above 
linear programming problem can be written as follows; 
Min RC(P) = - O'P 
subject to - { l \ ) p  >  (_?) - i o  o)(i) 
and P ' > 0 ' 
Again using duality theorem results, primal and dual problems can 
be combined into a single problem, 
Max f(Y, X, ft) = NW(Y, X) - RC(P) • ( < 0) . (A22) 
subject to (A12), (A13), (A20), and (A21). 
^Defining a quadratic programming problem, find a vector of X > 0 
that maximizes a quadratic function f(x) = C'x - 1/2 x'Qx subject to 
a) Ax < b, and b) x > 0, the reducibility theorem can be defined as 
follows. If the above quadratic programming problem has a solution at 
X = 5ceR = {x|x satisfies above referred constraints Ax < b, and x > O} 
then a linear programming problem of maximizing (c-Qx)'X subject to 
xeR has a solution at x = x (Takayama and Judge 1971:18-20). 
primal 
(A19) 
(A20) 
(A21) 
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Constraints (A12), (A13), (A20), and (A21) can be combined as (i) • (: 1 ) (D - ° 
Substituting Y for Y and X for X in NW(Y, X), we can write the 
problem as follows: 
Max 
or 
Max f(Y 
m.X.P,= ((.Î) - (o 0 (<0, (A2,) 
' ' (© - (: 1 ')®)'© <  ^
subject to (A23), and 
Y», X', P' > 0' (A26) 
This is a standard quadratic programming problem. Note that due to 
the duality theorem, f(Y, X, P) < 0, and max f(Y, X, P) = 0. It may 
also be noted that even when the problem %s started w%th a quasu. welfare 
function which has some welfare connotations, the objective function in 
the final maximization problem is artificial with no welfare 
implications per se. 
Nonintegrable demand and supply functions 
In the previous section, the demand and supply functions were 
assumed to be integrable. If this assumption is relaxed, w.i, and 77.i 
are not necessarily symmetric and consequently Wi(yi,xi), and NW(Y,X) do 
not exist. Therefore, the welfare oriented framework discussed earlier 
cannot be used as such. This issue was first raised by Plessener and 
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Heady (1965). Following Plessener and Heady, Takayama and Judge (1970, 
1971) proposed that in such a case an interregional trade problem can be 
formulated in terms of net social revenue (NSR). They defined net 
social revenue as total social revenue less total production costs and 
total transportation costs. The production costs in this framework 
include the social costs of inputs and resources fixed in supply, valued 
at shadow prices. 
The NSR can be written as follows: 
NSR(Y, X, p )  = P'Y - T'X + 0»P (A27) 
Where, 
P = (P11,...,P1n,P21,...Pki...,Pmn, P^\...,p^",p21,...P^i...,P°") 
Using (A7) and (A8) we can write 
) 0\ /Y\\ '/Y\ 
(A28) NSR(Y, X, P) = ^^0 - ^0 0 0^ 
For the case of integrabls desand and supply functions, the spatial 
price equilibrium conditions were derived by setting up a lagrangean. 
For the nonintegrable case, the spatial price equilibrium conditions 
cannot be derived from (A28) in a standard way. Instead, the spatial 
price equilibrium conditions have to be defined and then a new 
programming problem has to be set up that will eventually establish all 
the required prespecified conditions for the spatial equilibrium. The 
conditions for this case can be defined as follows: 
(a) Definition of demand and supply relations, and condition of no 
profit in each region. 
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C - AY + E'P < 0, and 
Y' (C - AY + E'P] = 0 (A29) 
(b) Location price equilibrium conditions 
T - G'P > 0, and 
X'(T - G'P) = 0 (A30) 
(c) No excess demand for any commodity, and the possibility of 
excess supply for some commodities in some regions only when the 
corresponding prices in these regions are zeros, 
( E  G )  ^ Y^ > 0, and 
P' ^ ( E  G )  ^ Y ^ J  =  0  ( A 3  
Combining the first parts of (A29) through (A31) and relaxing all 
variables from their fixed spatial market equilibrium levels, we can 
write these conditions as follows: 
Similarly, (A2S) can be equivalently written as follows: 
//C\ /AO -E'\ /Y\\ '/Y\ 
NSRCY, X, P) = ( (-T ) - ( 0 0 -G' J { X ) ) ( X ) 
\\o/ \E G 0/ \P// \p/ 
This enables us to write our problem as to find Y, X, and P which 
will maximize (A33) subject to (A32), and 
Unlike the integrable case, the problem with nonintegrable demand 
and supply functions does not possess the property of a nonempty 
/ C \  / A  0  - E ' \  / Y \  
(A32) 
Y', X', P' > 0' (A26) 
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feasibility set, and therefore, the existence of a solution in this case 
has to be assumed (Takayama and Judge 1971:122). Assuming that the 
solution set is nonempty, the Lagrangian for the problem can be written 
as follows: 
$(Y, X, p, = NSR(Y, X, P) - - ^0 0 -G'j ^x)j (A3%) 
Where, 
1= ^x* ' ^P')' — a vector of Lagrangian multipliers. 
Given that the solution set for the problem is nonempty, the 
solution pairs, 
Y = ?Y 
X = l]( (A35) 
' = fp 
will solve the saddle point and consequently satisfy our prespecified 
spatial equilibrium conditions (Takayama and Judge 1971:252-255). This 
can be easily shown by taking first derivatives of #(Y, X, p, f) with 
respect to Y, X, p, |y, ^ and imposing (A35) on these first order 
conditions. This will result in two identical sets of spatial market 
equilibrium conditions specified in (A29) through (A31). 
Some extensions of the model to accommodate 
fixed demand, fixed supply, and trade restrictions 
The model can be easily modified to include fixed demand and/or 
supply quantities as well as trade barriers like quota restrictions, 
fixed tariffs and ad valorem tariffs. A brief description of the 
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required modifications for each type of restriction follows: 
Fixed demand and supply of some or all commodities in some regions 
can be easily included in the model be defining Ntf(y,x,X) as a sum of 
areas under all price elastic demand curves in all regions less the sum 
of areas under all price elastic supply curves in all regions, less 
transportation costs. Accordingly, Y is defined as a vector of only 
price elastic demand and supply quantities. However, the fixed demand 
and supply quantities are taken into account in the relevant natural 
quantity constraints. This requires replacing the null vector (0) in 
(A12) and (A19) by (F) — a 2*m*n vector of zeros with quantities of 
fixed demand and fixed supplies in the appropriate sequence. This will 
change (A23) to 
(i) • (: s ?) (Ï) " 
and the problem in the final form will become to find Y, X, and P which 
will 
//C\ /& 0 -E'\ 
Maximize f(Y, X, p) = (f-T 1 - fo 0 -GM f X 11 f X 1 (A37) 
subject to (A36) and (A26). 
Trade restrictions in the form of quotas and fixed tariffs are 
relatively easy to introduce in the model. For each one import or 
export quota, one constraint can be added to the constraints in (A12). 
The Lagrangian multiplier for these constraints can be interpreted as an 
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economic rent accruing to corresponding quota holders. The economic 
rent on a quota will accrue only when the relevant quota has been fully 
exhausted. 
Fixed tariffs can be easily added to the relevant transportation 
cost. It may be noted that once quotas and tariffs are included in the 
model, even when the demand and supply functions are integrable, the 
NW(Y, X) is not a measure of net welfare any more. However, NW(Y, X) 
does provide a vehicle to find the spatial market equilibrium solution 
which will be the outcome of arbitrage activities under the given 
constraints. If some acceptable measure of welfare for a particular 
region can be specified, then alternate policies can be evaluated from 
the point of view of a particular region by comparing the magnitude of 
such a welfare function for solutions under alternate policy regimes. 
The modification of the model in order to introduce ad valorem 
tariffs is relatively complicated. This requires specifying the spatial 
equilibrium conditions on an a priori basis even when the demand and 
supply functions are integrable. Following the approach used in the 
nonintegrable case, even for the integrable case (A30) has to be 
replaced by 
T - G&'P > 0, and 
X»(T - G^'P) = 0 (A38) 
where the matrix G^' is such that (A38) can be written equivalently 
as. 
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I ) Pkj - (l +€kij)p^^ - Tkij < 0, and 
M + ekij/ ^ ' 
Xklj/ Î ) Pkj - (l +€kij) P^^ - Tkij = 0 
M + ekij ' ^ ' 
(A39) 
for all i, j, k, 
where, 
ôkij = ad valorem import tariff by region j on commodity k imported 
from region i, and 
€kij = ad valorem export tariff by region i on commodity k exported to 
region j. 
Following the procedure previously outlined, the problem with ad 
valorem tariffs and fixed demand and/or supply for some regions can be 
specified as follows: 
find Y, X, and P which will 
maximize f(Y, X, P) : : 1^ ; w; u; 
subject to 
177 
APPENDIX B; ESTIMATED DEMAND EQUATIONS 
The demand equations for different regions were estimated by 
ordinary least squares (OLS) technique, using annual data for 1965-1980. 
In all cases, along with each estimated equation a number of analytical 
statistics, namely, F statistics, R^, adjusted for degrees of freedom 
(R^), and Durbin-Watson Statistic (DW) are reported. The standard errors 
are reported in the parentheses below each coefficient estimate. 
In the presence of lagged dependent variables, the DW statistic is 
biased and Durbin has proposed an alternative statistic — Durbin's "h" 
statistic (DH). The DH statistic is an asymptotic test and its small 
sample properties are not known. When the sample is large, the DH 
statistic is clearly superior to the DW statistic. However, in the case 
of a small sample, the performance of the DH statistic relative to the DW 
statistic is inconclusive (Fomby et al. 1980:245). Hence, in this study 
both DW and DH statistics are reported for equations with lagged 
dependent varibles. 
Throughout this Appendix, dummy shift variables are represented by a 
letter "D" followed by the relevant year(s). For example, D7577 is a 
dummy variable such that D7577 = 1 for years 1975 and 1977 while D7577 = 0 
for all other years. The variable "Time" is a trend variable such that 
Time = 1, 2, 3, ..., 16 for years 1965 through 1980, respectively. All 
other variables are defined for each region following the estimated 
equations. Estimated demand equations for different regions follows. 
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The United States: 
USDDSOM = - 6079.32 - 6269.54 USPWS2MR + 194.698 USHPAU + 433.51 TIME 
(4602.46) (2118.12) (43.297) (39.226) 
F = 75.40 R2 = 0.950 F = 0.937 DW = 2.302 
USDPSOO = 16.635 - 5.114 USPWS40R - 1.018 USDPBLA + 0.521 USDPSOOL 
(4.671) (2.270) (0.357) (0.174) 
F = 40.51 R2 = 0.910 R2 = 0.888 DW = 2.240 DH = 0.673 
Where; 
USDDSOM = US domestic demand of soymeal, 1000 MT 
USPWS2MR = USPWS0MR/USPV2PMR 
USPWSOMR = USPWSOM/USWPI 
USPWSOM = US average wholesale price of soymeal (44 ?, bulk, fob 
Decatur), US $/MT 
USWPI = US wholesale price index (1980=1.0) 
USPV2PMR = USPV2PM/USWPI 
USPV2PM = US average wholesale price of peanut meal and cottonseed 
meal (weighted by their respective market shares), US $/MT 
(soymeal equivalent) 
USHPAU = US high protein consuming animals, million units 
USDPSOO = USDDSOO/USPOP 
USDDSOO = US domestic demand of soyoil, 1000 MT 
USPOP = US population, millions 
USPWS40R = USPWS00R/USPV4V0R 
USPWSOOR = USPWSOO/USWPI 
USPWSOO = US average wholesale price of soyoil (crude, in bulk, fob 
Decatur), 1980 US $/MT 
USPV4V0R = USPV4V0/USWPI 
USPV4V0 = US average wholesale price of peanut oil, cottonseed oil, 
corn oil, and palm oil (weighted by their respective 
market shares), US $/MT 
USDPBLA = USDDBLA/USPOP 
USDDBLA = US domestic demand of butter and lard, 1000 MT 
USDPSOL = USDPSOO lagged one period 
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Brazil; 
BRDDSOM = 423.891 - 0.0616 BRPWSOMR + 2.186 BRPSPOL - 216.456 DT2 
(441.318) (0.0392) (0.119) (178.22) 
F = 135.5 R2 = 0.971 F = 0.96% DW = 1.799 
BRDPSOO = 2.800 - 8.601 BRPWS20R + 0.1710 BRPPDIR + 2.689 D80 
(3.759) (4.217) (0.0076) (0.687) 
F z 250.3 R2 = 0.984 r2 = 0.980 DW = 2.301 
Where; 
BRDDSOM = Brazilian domestic demand of soymeal, 1000 MT 
BRPWSOMR = BRPWSOM/BRWPI 
BRPWSOM = Brazilian average wholesale price of soymeal, Brazilian 
Cruzeiros/MT 
BRWPI = Brazilian wholesale price index, (1980=1.0) 
BRPRPOL = Brazilian production of poultry meat, 1000 MT 
BRDPSOO = BRDDSOO/BRPOP 
BRDDSOO = Brazilian domestic demand of soyoil, 1000 MT 
BRPOP = Brazilian population. Millions 
BRPWS20R = BRPWS00R/BRPV2V0R 
BRPWSOOR = BRPWSOO/BRWPI 
BRPWSOO = Brazilian average wholesale price of soyoil (crude), 
Brazilian Cruzeiros/MT 
BRPV2V0R = BRPV2V0/BRWPI 
BRPV2V0 = Brazilian average wholesale price of peanut oil, and 
cottonseed oil, weighted by their respective market 
shares), 1980 Brazilian Cruzeiros/MT 
BRPPDIR = BRPDIR/BRPOP 
BRPDIR = Brazilian private sector Disposable Income, billions 
Brazilian Cruzeiros deflated be BRWPI 
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Argentina; 
ARDDSOM = - 1286.84 - 5.935 ECPISOMC + 10.316 ECPISUMC + 0.0545 ARGDPR 
(270.73) (1.295) (1.977) (0.0151) 
- 24.975 TIME 
(9.463) 
F = 52.58 R2 = 0.950 R2 = 0.932 DW = 2.045 
ARDPSOO = 1.3726 - 1.8266 ECPISOSO + 0.00208 ECPIPEOC + 2.1025 D77 
(1.5404) (1.5781) (0.00052) (0.5736) 
F = 15.12 r2 = 0.791 ^ = 0.738 DW = 2.517 
Where: 
ARDDSOM = Argentine domestic demand of soymeal, 1000 MT 
ECPISOMC = Import price of soynieal(44 %, cif Rotterdam), US $/MT 
ECPISUMC = Import price of Sunflower seed meal(pellets 37-38 $, cif 
Rotterdam), US $/MT 
ARGDPR = Argentine Gross Domestic Product, million Pesos 
Argentines, deflated by ARGDF 
ARGDF = Argentine Gross Domestic Product deflator (1980=1.0) 
ARDPSOO = ARDDSOO/ARPOP 
ARDDSOO = Argentine domestic demand of soyoil, 1000 MT 
ARPOP = Argentine population 
ECPISOSO = ECPISOOC/ECPISUOC 
ECPISOOC = Price of soyoil (fob ex-mill Dutch ports), US $/MT 
ECPISUOC = Price of sunflower oil (fob Rotterdam ex-tank), US $/MT 
ECPIPEOC = Price of peanut oil (cif Euro-ports), US $/MT 
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The Economic Community; 
ECDDSOM = - 290.465 - 5216.32 ECPWS3MR + 0.2355 ECPCAO + 0.9010 ECDDSOML 
(3916.024) (2542.85) (0.1428) (0.1035) 
- 1096.69 D7577 + 1785.941 D78 
(442.19) (604.862) 
F = 141.5 R2 = 0.986 R^ = 0.979 DW = 2.410 DH = 0.899 
ECDPSOO = - 8.9951 - 0.000519 ECPWSOOR + 0.7253 ECPGDIR + 0.001119 ECPWPLOR 
(0.8348) (0.000312) (0.0363) (0.000406) 
- 0.8292 D73 
(0.2275) 
F = 175.7 R2 = 0.985 R^ = 0.979 DW = 1.718 
Where: 
ECDDSOM = EC domestic demand of soymeal, 1000 MT 
ECPWS3MR = ECPWS0MR/ECPV3PMR 
ECPWSOMR = ECPWSOM/ECWPI 
ECPWSOM = EC average price of soymeal (44 g, cif Rotterdam), 
Deutsche Marks/MT 
ECWPI = EC wholesale price index (1980=1.0) 
ECPV3PMR = ECPV3PM/ECWPI 
ECPV3PM = EC average price of peanut meal, cottonseed meal, and 
rapeseed meal (weighted by their respective market 
shares), Deutsche Marks/MT (soymeal equivalent) 
ECPCAU = EC high protein consuming animal units (calculated from 
hogs, poultry, and egg production), 1000 units 
ECDDSOML = ECDDSOM lagged one period 
ECDPSOO = ECDDSOO/ECPOP 
ECDDSOO = EC domestic demand of soyoil, 1000 MT 
ECPOP = EC population, millions 
ECPWSOOR = ECPWSOO/ECWPI 
ECPWSOO = EC average price of soyoil (fob ex-mill Dutch ports), 
Deutsche Marks/MT 
ECPGDIR = ECGDIR/ECPOP 
ECGDIR .= EC Gross Domestic Product, billion Deutsche Marks, 
deflated by ECWPI 
ECPWPLOR = EC average price of palm oil, (cif Rotterdam), Deutsche 
Marks/MT deflated by ECWPI 
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Spain; 
SPDDSOM = 1047.848 - 978.520 SPPIS3MR + 155.287 TIME 
(478.202) (529.071) (13.895) 
F = 185.6 R2 = 0.966 = 0.961 DW = 1.322 
SPDPSOO = - 0.4415 - 0.00004189 SPPISOOR + 0.00004104 SPPEOLOR 
(1.0523) (0.00001479) (0.00000673) 
+ 0.003467 SPPGNPR - 3.0606 D73 
(0.002092) (0.7646) 
F = 12.28 R2 = 0.817 R^ = 0.751 DW = 1.319 
Where: 
SPDDSOM = Spanish domestic demand for soymeal, 1000 MT 
SPPIS3MR = SPPIS0MR/SPPV3PMR 
SPPISOMR = SPPISOM/SPWPI 
SPPISOM = ECPISOMC*SPEUS 
ECPISOMC = Average import price of soymeal (44 cif Rotterdam), US 
$/MT 
SPWPI = Spanish wholesale price index (1980=1.0) 
SPEUS = Exchange rate, Spanish Pesetas/US $ 
SPPV3PMR = SPPV3PM/SPWPI 
SPPV3PM = SPP73PMC*SPEUS 
SPPV3PMC = Average import price of sunflower seed meal, Peanut meal, 
and cottonseed meal (weighted by their respective market 
shares in Spain), US $/MT (soymeal equivalent) 
SPDPSOO = SPDDSOO/SPPOP 
SPDDSOO = Spanish domestic demand of soyoil, 1000 I-IT 
SPPOP = Spanish population, million persons 
SPPISOOR = SPPISOO/SPWPI 
SPPISOO = ECPISOOC'SPEUS 
EPPISOOC = Import price of soyoil (fob ex-mill Dutch ports), US $/MT 
SPPEOLOR = Spanish export unit price of olive oil, Spanish Pesetas/MT 
deflated by SPWPI 
SPPGNPR = SPGNPR/SPPOP 
SPGNPR = Spanish Gross National Product, billions of Spanish 
Pesetas deflated by SPWPI 
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Japan; 
JADDSOM = 349.217 - 330.604 JAPWS2MR - 0.0105 JAPWCORR + 0.00318 JAPWFIMR 
(328.724) (144.266) (0.0023) (0.000729) 
+ 0.0683 JAGCAD + 0.449 JADDSOML 
(0.0279) (0.171) 
F = 302.3 = 0.993 = 0.990 DW = 2.050 DH = 0.069 
JADPSOO = 0.565 - 0.0972 JAPWS30R + 0.00000180 JAPWCNOR + 0.00202 JAPGNÈR 
(0.353) (0.2594) (0.00000083) (0.00011) 
F = 106.3 r2 = 0.964 r2 = 0.955 DW = 2.409 
Where: 
JADDSOM = Japanese domestic demand of soymeal, 1000 MT 
JAPWS2MR = JAPWS0MR/JAPV2PMR 
JAPWSOMR = JAPWSOM/JAWPI 
JAPWSOM = Japanese average wholesale price of soymeal, Yens/MT 
JAWPI = Japanese wholesale price index (1980=1.0) 
JAPV2PMR = JAPV2PÎVJAWPI 
JAPV2PM = Japanese average wholesale price of rapeseed meal, and 
cottonseed meal (weighted by their respective market 
shares), Yens/MT (soymeal equivalent) 
JAPWCORR = Average wholesale price of imported corn in Japan, Yens/MT 
deflated by JAWPI 
JAPWFIMR = Average wholesale price of fishmeal (.65%) in Japan, 
Yens/MT deflated JAWPI 
JAGCAU = Japanese grain consuming animals in million units 
JADDSOML = JADDSOM lagged one period 
JADPSOO = JADDSOO/JAPOP 
JADDSOO = Japanese domestic demand of soyoil, 1000 MT 
JAPOP = Japanese population in millions 
JAPWS30R = JAPWS00R/JAPV3V0R 
JAPWSOOR = JAPWSOO/JAWPI 
JAPWSOO = Japanese average wholesale price of soyoil, Yens/MT 
JAPV3V0R = JAPV3V0/JAWPI 
JAPV3V0 = Japanese average wholesale price of rapeseed oil, 
cottonsed oil, and palm oil (weighed by their respective 
market shares), Yen/MT 
JAPWCNOR = Japanese average wholesale price coconut oil, Yen/MT 
deflated by JAWPI 
JAPGNER = Japanese per capita Gross National Expenditure, 1000 Yens 
deflated by JAWPI 
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Canada: 
CADDSOM = 279.375 - 219.135 CAPWS1MR + 10.014 CAHPAU + 33.257 TIME 
(424.899) (125.612) (8.530) (6.190) 
- 74.276 D7172 
(54.209) 
F = 37.38 R2 = 0.932 R2 = 0.907 DW = 0.970 
CADPSOO = 2.398 - 1.444 CAPWS10R + 0.694 CAPDIRL 
(1.316) (0.878) (0.099) 
F = 36.16 R2 = 0.848 R2 = 0.824 DW = 1.911 
Where: 
CADDSOM = Canadian domestic demand of soymeal, 1000 MT 
CAPWS1MR = CAPWSOMH/CAPWRAMR 
CAPWSOMR = CAPWSOM/CACPI 
CAPWSOM = Canadian average wholesale price of soymeal (44 $, 
Toronto), Canadian $/MT 
CACPI = Canadian consumer price index (1980=1.0) 
CAPWRAMR = CAPWRAM/CACPI 
CAPWRAM = Canadian average wholesale price of rapeseed meal, 
Canadian $/MT 
CAHPAU = Canadian high protein consuming animals, million units 
CADPSOO = CADDSOO/CAPOP 
CADDSOO = Canadian domestic demand of soyoil, 1000 MT 
CAPOP = Canadian population, millions 
CAPWS10R = CAPWSOOR/CAPWRAOR 
CAPWSOOR = CAPWSOO/CACPI 
CAPWSOO = Canadian average wholesale price of soyoil (Eastern 
Canada), Canadian $/MT 
CAPWRAOR = CAPWRAO/CACPI 
CAPWRAO = Canadian average wholesale price of rapeseed oil, Canadian 
$/Mr 
CAPDIRL = Canadian per capita disposable income, 1000 Canadian $ for 
Canadian fiscal year ending June, deflated by CACPI 
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The Eastern Europe: 
EENMSOMT = - 1704.29 - 241.984 ECPGSOM - 0.859 EEPRDPML + 0.0549 EELI7U 
(2088.07) (112.395) (0.668) (0.030) 
+ 278.111 TIME - 954.659 D75 
(59.204) (231.118) 
F = 267.2 R2 = 0.993 = 0.990 DW = 1.520 
EENMSOOT = - 2737.78 - 17.122 ECPGSOO - 0.370 EEPRDVOL + 26.199 EEPOP 
(506.85) (6.839) (0.090) (4.290) 
+ 164.276 D71 
(29.014) 
F = 39.42 r2 = 0.935 R^  = 0.911 DW = 2.262 
Where: 
EENMSOMT = Eastern European net import demand of soymeal (soymeal 
equivalent of soybeans net imports included), 1000 MT 
ECPGSOM = ECPISOMC/LDGPS 
ECPISOMC = Average import price of soymeal (cif Rotterdam), US $/MT 
LDGPS z Gold price in London (average for September), US $/Ounce 
EEPRDPML = Soymeal equivalent of domestic production of oilseeds 
(soybeans, sunflower seed, rapeseed) in Eastern Europe, 
1000 MT, lagged one period 
EELI7U = Eastern European livestock (cattle, cows, hogs, and 
poultry), 1000 livestock units 
EENMSOOT = Eastern European net import demand of soyoil (soyoil 
equivalent of soybean net imports included), 1000 MT 
ECPGSOO = ECPISOOC/LDGPS 
EEPISOOC = Average import price of soyoil (fob ex-mill Dutch ports), 
US $/MT 
EEPRDVOL = Vegetable oil equivalent of domestic production of 
oilseeds (sunflower seed, rapeseed, and soybean) in 
Eastern Europe, 1000 MT, lagged one period 
EEPOP = Eastern Europe population, millions 
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The Soviet Onion: 
SDNMSOMT = - 497.748 - 270.412 ECPGSOM - 0.603 SUPRNMPM + 0.0342 SDLIVU 
(1787.88) (126.677) (0.125) (0.0095) 
+ 738.514 D76 
(198.088) 
F = 30.36 R2 = 0.917 = 0.887 DW = 2.517 
SUNMSOOT = 1122.19 - 17.595 ECPGSOO + 5.183 SUPOP + 154.410 D76 
(719.02) (13.856) (2.671) (65.752) 
F = 14.18 R2 = 0.780 F = 0.725 DW = 1.679 
Where: 
SUNMSOMT = Soviet Union net import demand of soymeal (soymeal 
equivalent of soybeans net imports included), 1000 MT 
ECPGSOM = ECPISOMC/LDGPS 
ECPISOMC = Average import price of soymeal (cif Rotterdam), US $/MT 
LDGPS = London gold price (Average for September), US $/Ounce 
SUPRNMPM = SUPRDPML + SUNMOPM 
SUPRDPML = Soymeal equivalent of Soviet Union domestic production of 
oilseeds (sunflower seed, rapeseed, cottonseed, and 
soybeans), 1000 MT, lagged one period 
SUNMOPM = Soviet Union net import of rapeseed, peanuts, cottonseed, 
sunflower seed, and their meals, 1000 MT soymeal 
equivalent 
SULIVU = Soviet Union livestock (cattle, cows, hogs, and poultry), 
1000 livestock units 
SUNMSOOT = Soviet Union net import demand of soyoil (soyoil 
equivalent of soybean net imports included), 1000 MT 
ECPGSOO = ECPISOOC/LDGPS 
ECPISOOC = Average import price of soyoil (fob ex-mill Dutch ports), 
US $/MT 
SUPOP = Soviet Union's population, in millions 
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India and Pakistan: 
INNMSOO = 437.767 - 1307.47 INPIS10R - 0.426 INPR3V0D + 3.862 INPOP 
(722.492) (608.30) (0.095) (0.450) 
- 360.780 D72 - 315.333 D76 
(111.594) (98.317) 
F = 16.75 R2 = 0.893 = 0.840 DW = 1.605 
PANMSOO = - 9.531 - 0.0237 FAPISOOR + 0.0307 PAPIPLOR + 8.571 TIME 
(21.132) (0.0138) (0.0176) (1.796) 
+ 76.799 D71 
(31.468) 
F = 11.05 R2 = 0.801 R2 = 0.763 DW = 2.480 
Where: 
INNMSOO = Indian net import demand of soyoil, 1000 MT 
INPIS10R = INPISOOR/INPIRAOR 
INPISOOR = INPISOO/INGNI 
INPISOO = ECPISOOC*INEUS 
ECPISOOC = Average price of soyoil (fob ex-mill Dutch ports), US $/MT 
INEUS = Indian exchange rate, Indian Rupees/US $ 
INGNI = Indian GMP deflater (1980=1.0) 
INPIRAOR = INPIRAO/INGNI 
INPIRAO = ECPIRAOC*INEOS 
ECPIRAOC = Average price of rapeseed oil (fob ex-mill Dutch ports), 
US $/MT 
INPR3V0D = Vegetable oil equivalent of domestic production of major 
oilseeds (peanuts, cottonseed oil, and rapeseed) 1000 MT 
PANMSOO = Pakistan import demand of soyoil, 1000 MT 
PAPISOOR = PAPISOO/PAGNI 
PAPISOO = ECPISOOC»PAEUS 
PAGNI = Pakistan GNP deflater (1980=1.00) 
PAEUS = Pakistan exchange rate, Pakistani Rupees/US $ 
PAPIPLOR = PAPIPLO/PAGNI 
PAPIPLO = ECPIPLOC*PAEUS 
ECPISOOC = Average price of soyoil (fob ex-mill Dutch ports), US $/MT 
ECPIPLOC = Average price of palm oil (fob Euro-ports), US $/MT 
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The Rest of the World: 
RWNMSOMT = - 2023.53 - 28.329 ECPISOMC + 72.488 ECPIRAMC 
(683.22) (14.100) (19.813) 
F = 23.18 R2 = 0.781 F = 0.747 DW = 2.066 
RWNMSOOT = - 72.52 - 3.572 ECPISOOC + 4.915 ECPIPLOC + 88.253 TIME 
(124.30) (1.294) (1.569) (20.437) 
F = 43.28 R2 = 0.915 F = 0.894 DW = 2.017 
Where: 
RWNMSOMT = Rest of the world net import demand of soymeal(soymeal 
equivalent of soybeans net imports included), 1000 MT 
ECPISOMC = Average import price of soymeal, (cif Rotterdam), US $/MT 
ECPIRAMC = Average import price of rapseed meal, (cif Euro-ports), US 
$/MT 
RWNMSOOT = Rest of the world net import demand of soyoil (soyoil 
equivalent of soybean net imports included), 1000 MT 
ECPISOOC = Average import price of soyoil, (fob ex-mill Dutch ports), 
US $/MT 
ECPIPLOC = Average import price of palm oil, (fob Euro-ports), US 
$/MT 
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APPENDIX C: INPUT LEVELS AND BASE SOLUTION FOR 1980 
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Table C.I. Collapsed demand functions in price dependent form, 1980 
Soymeal Soyoil 
(Price in US $/MT) (Price in US $/MT) 
Region i Xmi wmi Xoi woi 
United States 1 810.59 -0.0350 2618.20 -0.5112 
Brazil 2 1111.98 -0.3080 2031.46 -0.7839 
Argentina 3 320.39 -0.1685 1174.34 -12.8205 
EC 4 1027.47 -0.0498 7528.39 -4.0601 
Spain 5 829.45 -0.2177 2275.36 -8.9118 
Japan 6 3298.88 -0.9697 49104.68 -78.7560 
Canada 7 1018.56 -0.7059 3410.66 -17.3155 
E. Europe 8 12815.78 -2.7554 12416.55 -38.9415 
Soviet Union 9 3253.36 -2.4657 9573.52 -37.8946 
India 10 «BMW 930.61 -0.4367 
Pakistan 11 —— 1168.48 -4.2620 
RW 12 528.43 -0.0353 1294.71 -0.2800 
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Table C.2. Exogenously determined demand, 1980 
Commodity i INki SEXki SDk"i SFWki FDki& 
in 1000 MT 
Scymeal 1 205.00 205.00 
2 497.00 497.00 
3 0.00 
4 1104.08 1104.08 
5 35.23 35.23 
5 124.00 124.00 
7 20.00 20.00 
8 0 .00 
9 0.00 
12 1126.09 1126.09 
Soyoil 1 548.85 548.85 
2 223.00 223.00 
3 14.44 14.44 
4 0.00 
5 0.00 
6 11.03 17.34 28.37 
7 13.00 13.00 
8 0.00 
9 4.36 4.36 
10 0.00 
11 82.65 82.65 
12 178.64 178.64 
Soybeans 1 9765.10 2302.47 12067.57 
2 184.00 1002.00 1186.00 
3 244.20 244.20 
4 815.19 376.70 1191.89 
5 68.40 68.40 
6 768.00 939.61 1707.61 
7 28.00 23.99 89.00 140.99 
8 0.00 
9 570.49 570.49 
12 0.00 
D^ki = INki + EEXki + SDk'i + SFWki. 
192 
Table C.3. Exogenously determined supply, 1980 
Soymeal 
Soyoil 
Soybeans 
i LINki EIMki SDk+i PRki FSki® 
in 1000 MT , 
1 242.22 242.22 
2 179.00 179.00 
3 4.60 4.60 
U 0.00 
5 0.00 
6 99.00 115.56 214.56 
7 12.00 40.13 52.13 
8 1759.21 1759.21 
9 345.90 345.90 
12 0.00 
1 351.99 351.99 
2 129.00 14.44 35.56 179.00 
3 0.00 
4 16.72 16.72 
5 9.96 9.96 
6 26.00 0.04 26.04 
7 4.00 5.20 9.20 
8 99.56 99.56 
9 0.00 
10 84.17 84.17 
11 0.00 
12 17.34 17.34 
1 4738.31 61723.20 66461.51 
2 119.00 244.20 215.80 15153.00 15732.00 
3 4.40 3500.00 3504.00 
4 17.00 17.00 
5 14.00 14.00 
6 568.00 532.27 192.00 1292.27 
7 16.00 671.00 687.00 
8 336.71 0.00 336.71 
9 0.00 0.00 
12 388.89 0.00 388.89 
S^ki = LINki % EIMki + SDk+i + PRki. 
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Table C.4. Estimated transfer costs, 1980 
in US $/MT 
Origin 
and 
destination ij^  Tmij Toij Tbij 
United States: 
EC 104 59.479 — 66. ,248 
Spain 105 59.479 — 66. ,248 
Japan 106 196.529 — — 66. ,988 
Canada 107 23.199 -34 .063 4. ,520 
E. Europe 108 59.479 62 .077 66, ,248 
Soviet Union 109 59.479 62 .077 66. 248 
India 110 ——— 62 .077 •-
Pakistan 111 ——— 62 .077 — — 
RW 112 59.479 62 .077 66. 248 
EC 204 92.682 129. 682 
Spain 205 92.682 -— 129, .682 
E. Europe 208 92.682 -121 .174 129. 682 
Soviet Union 209 92.682 -121 .174 129. 682 
India 210 ——— -121 .174 — 
Pakistan 211 MM -121 .174 — 
RW 212 92.682 -121 .174 129. 582 
"^ Transfer costs are assumed to be zero for all other trade 
flows in the model. 
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Table C.5. Calculated crushing costs for 1980 
Region i Tci® Tc'i^  
(US $/MT) (US $/MT) 
United States 1 24.8777 24.877700 
Brazil 2 73.3886 94.745663 
Argentina 3 17.0935 17.093500 
EC 4 17.0935 17.093500 
Spain 5 17.0935 17.093500 
Japan 6 128.8551 114.689510 
Canada 7 37.2320 37.231974 
E. Europe 8 17.0935 17.093500 
Soviet Union 9 17.0935 17.093500 
RW 12 17.0935 17.093500 
T^ci = dm*Pmi+do*Poi-Pbi. (where dm=0.7958, & do=0.1793«) 
A^djusted crushing cost for region i. 
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Table C.6. Comparison of actual and predicted levels of 
prices, 1980 
Commodity & Actual Predicted Error Error 
region (US $/MT) (US $/Mr) (US $/Mr) ($) 
SOYMEÂL: 
United States 
Brazil 
Argentina 
EC 
Spain 
Japan 
Canada 
E. Europe 
Soviet Union 
RW 
SOÏOIL: 
United States 
Brazil 
Argentina 
EC 
Spain 
Japan 
Canada 
E. Europe 
Soviet Union 
India 
Pakistan 
RW 
SOYBEANS: 
United States 
Brazil 
Argentina 
EC 
Spain 
Japan 
Canada 
E. Europe 
Soviet Union 
RW 
200.52 200.35 
167.31 167.14 
260.00 259.83 
260.00 259.83 
260.00 259.83 
397.05 396.88 
223.72 223.55 
260.00 259.83 
260.00 259.83 
260.00 259.83 
535.72 526.65 
718.97 709.90 
597.80 588.73 
597.80 588.73 
597.80 588.73 
616.97 607.90 
501.66 413.58 
597.80 588.73 
597.80 588.73 
597.80 588.73 
597.80 588.73 
597.80 588.73 
230.75 228.99 
188.42 165.55 
297.00 295.24 
297.00 295.24 
297.00 295.24 
297.74 295.98 
230.75 228,99 
297.00 295.24 
297.00 295.24 
297.00 295.24 
-0.17 -0.084 
—0.17 —0.101 
-0.17 -0.065 
—0.17 —0.065 
-0.17 -0.065 
-0.17 -0.042 
-0.17 -0.075 
—0.17 —0.065 
-0.17 -0.065 
-0.17 -0.065 
—9.07 —1.693 
-9.07 -1.262 
-9.07 -1.517 
-9.07 -1.517 
-9.07 -1.517 
-9.07 -1.470 
-88.07 -17.557 
-9.07 -1.517 
-9.07 -1.517 
-9.07 -1.517 
-9.07 -1.517 
-9.07 -1.517 
—1 « 76 —0.763 
-22.86 -12.134 
-1.76 -0.593 
-1.76 -0.593 
-1.76 -0.593 
-1.76 -0.591 
-1.76 -0.763 
-1.76 -0.593 
-1.76 -0.593 
-1.76 -0.593 
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Table C.7. Comparison of actual and predicted levels of 
soymeal and soyoil demand, 1980 
Commodity & Actual Predicted Error Error 
region (1000 OT) (1000 MT) (1000 MT) (%) 
SOYMEAL: 
United States 17430.6 17435.4 4.8 0.03 
Brazil 3067.1 3067.6 0.5 0.02 
Argentina 358.4 359.4 1.0 0.28 
EC 15411.0 15414.4 3.4 0.02 
Spain 2615.8 2616.6 0.8 0.03 
Japan 2992.5 2992.7 0.2 0.01 
Canada 1126.0 1126.2 0.2 0.02 
E. Europe 4556.8 4556.9 0.1 0.00 
Soviet Union 1214.0 1214.1 0.1 0.01 
RW 7604.2 7609.0 4.8 0.06 
raiL: 
United States 4073.7 4091.4 17.7 0.43 
Brazil 1674.3 1685.8 11.5 0.69 
Argentina 44.9 45.6 0.7 1.60 
EC 1707.0 1709.2 2.2 0.13 
Spain 188.2 189.2 1.0 0.54 
Japan 615.6 615.7 0.1 0.01 
Canada 168.0 173.0 5.0 3.02 
E. Europe 303.5 303.7 0.2 0.07 
Soviet Union 236.8 237.1 0.3 0.10 
India 762.1 782.8 20.7 2.72 
Pakistan 133.9 136.0 2.1 1.59 
RW 2544.4 2521.3 -23.1 —0.90 
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Table C.8. Comparison of actual and predicted levels of 
soybeans crushing, 1980 
Actual Predicted Error Error 
Region (1000 MT) (1000 MT) (1000 MT) (?) 
United States 30574.5 34493.2 3918.7 12.82 
Brazil 13006.0 14546.0 1540.0 11.84 
Argentina 804.5 2458.2 1653.7 305.56 
EC 11343.0 12797.7 1454.7 12.82 
Spain 3221.6 1000.0 -2221.6 -68.96 
Japan 3453.0 3447.4 -5.6 -0.16 
Canada 938.0 986.5 48.5 5.17 
E. Europe 860.5 1138.7 278.2 32.33 
Soviet Union 1085.1 0.0 -1085.1 -100.00 
RW 5970.4 388.9 -5581.5 -93.49 
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Table C.9. Comparison of actual and predicted levels of 
soymeal trade flows, 1980 
Origin Destination Actual Predicted Error Error 
(1000 MT) (1000 MT) (1000 MT) (.%) 
US United States 17377.7 17640.4 262.7 1.51 
EC 3836.1 0.0 -3836.1 -100.00 
Spain 58.0 0.0 -58.0 -100.00 
Japan 210.0 158.7 -51.3 -24.43 
Canada 355.9 309.0 -46.9 -13.18 
E. Europe 766.4 290.0 -476.4 -62.16 
Soviet Union 0.0 868.2 868.2 (+)a 
RW 1969.4 8425.6 6456.2 327.83 
BR Brazil 3947.3 3564.6 -382.7 -9.70 
EC 4324.9 6334.0 2009.1 46.45 
Spain 30.3 1856.0 1825.7 6025.41 
Japan 88.8 0.0 -88.8 -100.00 
E. Europe 1342.8 0.0 -1342.8 -100.00 
Soviet Union 0.0 0.0 0.0 0.00 
RW 795.1 0.0 -795.1 -100.00 
AH Argentina 350.0 359.4 9.4 2.69 
EC 115.9 0.0 -115.9 -100.00 
E. Europe 0.0 1601.4 -1601.4 (+) 
Soviet Union 0.0 0.0 0.0 0.00 
RW 173.8 0.0 -173.8 -100.00 
EC EC 8099.9 10184.4 2084.5 25.73 
Spain 0.1 0.0 —0.1 -100.00 
E. Europe 4.6 0.0 -4.6 -100.00 
Soviet Union 378.8 0.0 -378.8 -100.00 
RW 543.4 0.0 -543.4 -100.00 
SP Spain 2563.8 795.8 -1768.0 -68.96 
JA Japan 2962.4 2958.0 -4.4 -0.15 
CA Canada 798.6 837.2 38.6 4.83 
EE E. Europe 2444.0 2665.4 221.4 9.06 
SU Soviet Union 1209.4 345.9 -863.5 -71.40 
RW RW 4751.2 309.5 -4441.7 -93.49 
^Percentage increase cannot be calculated. 
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Table C.10. Comparison of actual and predicted levels of 
soyoll trade flows 1980 
Origin Destination •Actual Predicted Error Error 
(1000 MT) (1000 MT) (1000 MT) (?)  
OS United States 4613.8 4640.2 26.4 0.57 
EC 9.8 0.0 —9.8 -100.00 
Canada 14.8 0.0 -14.8 -100.00 
E. Europe 3.6 0.0 —3.6 -100.00 
Soviet Union 24.7 241.4 216.7 877.57 
India 427.6 698.7 271.1 63.37 
Pakistan 147.4 0.0 -147.4 -100.00 
RW 592.0 956.1 364.1 61.49 
BR Brazil 1767.2 19O8.8 141.6 8.01 
EC 63.4 0.0 -63.4 -100.00 
Spain 3.1 0.0 —3.1 -100.00 
E. Europe 7.7 0.0 -7.7 -100.00 
Soviet Union 32.0 0.0 -32.0 -100.00 
India 250.2 0.0 -250.2 -100.00 
Pakistan 60.6 218.6 158.0 260.68 
RW 326.4 659.5 333.1 102.02 
AR Brazil 14.4a 14.4a 0.0 0.00 
Argentina 52.4 31.2 -21.2 -40.44 
EC 5.7 0.0 -5.7 -100.00 
E. Europe 4.2 0.0 -4.2 -100.00 
Soviet Union 6.9 0.0 —6.9 -100.00 
Pakistan 8.5 0.0 -8.5 -100.00 
RW 51.9 395.0 343.1 661.23 
EC EC 1725.8 1709.2 —16 • 6 —0.96 
Spain 3.6 0.0 —3.6 -100.00 
Soviet Union 13.7 0.0 -13.7 -100.00 
RW 307.3 602.1 294.8 95.92 
SP EC 25.7 0.0 -25.7 -100.00 
Spain 218.2 189.2 -29.0 -13.26 
E. Europe 46.3 0.0 -46.3 -100.00 
Soviet Union 3.0 0.0 —3.0 -100.00 
RW 323.0 0.0 -323.0 -100.00 
JA Japan 645.1 626.7 -18.4 -2.85 
RW 17.3a 17.3a 0.0 0.00 
CA Canada 177.3 186.0 8.7 4.91 
EE E. Europe 253.8 303.7 49.9 19.65 
SU Soviet Union 194.5 0.0 -194.5 -100.00 
IN India 84.1 84.1 0.0 0.00 
PA Pakistan 0.0 0.0 0.0 0.00 
RW RW 1087.8 87.0 -1003.6 -92.00 
^Exogenously determined trade flows. 
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Table C.11. Comparison of actual and predicted levels of 
soybeans trade flows, 1980 
Origin Destination Actual 
(1000 MT) 
Predicted 
(1000 MT) 
Error 
(1000 MT) 
Error 
(%) 
US United States 42642.1 46560.8 3918.7 9.19 
EC 10721.1 13972.6 3251.5 30.33 
Spain 2203.4 1054.4 -1149.0 -52.15 
Japan 3868.3 3862.7 -5.6 -0.14 
Canada 392.0 440.5 47.5 12.37 
E. Europe 523.8 0.0 -523.8 -100.00 
Soviet Union 812.5 570.9 -242.0 -29.78 
RW 5298.2 0.0 -5298.2 -100.00 
BR Brazil 14192.0 15732.0 1540.0 10.85 
EC 573.9 0.0 -573.9 -100.00 
Spain 705.6 0.0 -705.6 -100.00 
Japan 39.5 0.0 -39.5 -100.00 
E. Europe 0.0 0.0 0.0 0.00 
Soviet Union 118.3 0.0 -118.3 -100.00 
RW 102.6 0.0 -102.6 -100.00 
AR Brazil 244.23 244.2a 0.0 0.00 
Argentina 248.7 2458.2 2209.5 888.42 
EC 1222.8 0.0 -1222.8 -100.00 
Spain 366.9 0.0 -366.9 -100.00 
Japan 16.1 0.0 —16.1 -100.00 
E. Europe 0.0 802.0 802.0 (+)b 
Soviet Onion 724.7 0.0 -724.7 -100.00 
RW 125.1 0.0 -125.1 -100.00 
EC EC 17.0 17.0 0.0 0.00 
RW 5.9 0.0 
-5.9 -100.00 
SP Spain 14.0 14.0 0.0 0.00 
JA Japan 1292.3 1292.3 0.0 0.00 
CA Canada 687.0 687.0 0.0 0.00 
EE E. Europe 336.7 336.7 0.0 0.00 
SU Soviet Union 0.0 0.0 0.0 0.00 
RW RW 388.9 388.9 0.0 0,00 
E^xogenously determined trade flows. 
Percentage increase cannot be calculated. 
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Table C.12. Comparison of actual and predicted levels of 
exports from major exporting regions, 1980 
Commodity & Actual Predicted Error Error 
region (1000 MT) (1000 MT) (1000 MT) (?)  
SOÏMEAL: 
United States 7195.8 10051.5 2855.7 39.68 
Brazil 6581.9 8190.0 1608.1 24.43 
Argentina 289.7 1601.4 1311.7 452.77 
EC 926.9 0.0 -926.9 -100.00 
TOTAL 14994.3 19842.9 4848.6 32.33 
SOYOIL: 
United States 1219.9 1896.0 676.3 55.43 
Brazil 743.4 878.1 134.7 18.11 
Argentina 91.6 409.4 317.8 3.46 
EC 324.6 602.1 277.5 85.48 
Spain 398.0 0.0 -398.0 -100.00 
TOTAL 2777.5 3785.8 1008.3 36.30 
SOYBEANS: 
United States 23819.3 17901.1 -5918.2 -24.84 
Brazil 1539.9 0.0 -1539.9 -100.00 
Argentina 2699.8 1046.2 -1653.6 -61.24 
TOTAL 28059.0 18947.3 -9111.7 -32.47 
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APPENDIX D: IMPACTS OF US EMBARGO ON TRADE FLOWS IN 1979 AND 1980 
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Table D.I. Impacts of US embargo on soymeal trade flows, 1979 
Base New 
Origin Destination solution solution Change Change 
(1000 MT) (1000 MT) (1000 MT) (%) 
US United States 16274.0 16274.0 0.0 0.00 
EC 0.0 0.0 0.0 0.00 
Spain 0.0 0.0 0.0 0.00 
Japan 152.9 152.9 0.0 0.00 
Canada 682.5 682.5 0.0 0.00 
E. Europe 0.0 0.0 0.0 0.00 
Soviet Union 38.4 0.0 -38.4 -100.00 
RW 4943.8 4943.8 0.0 0.00 
BR Brazil 2140.0 2140.0 0.0 0.00 
EC 3961.7 2953.0 -1008.7 -25.46 
Spain 0.0 0.0 0.0 0.00 
Japan 0.0 0.0 0.0 0.00 
E. Europe 1765.4 1765.4 0.0 0.00 
Soviet Union 0.0 38.4 38.4 (+)a 
RW 0.0 0.0 0.0 0.00 
AR Argentina 349.3 349.3 0.0 0.00 
EC 2510.9 2510.9 0.0 0.00 
E. Europe 0.0 0.0 0.0 0.00 
Soviet Union 0.0 0.0 0.0 0.00 
RW 0.0 0.0 0.0 0.00 
EC EC 8702.1 9710.9 1008.8 11.59 
Spain 0.0 0.0 0.0 0.00 
E. Europe 0.0 0.0 0.0 0.00 
Soviet Union 0.0 0.0 0.0 0.00 
RW 0.0 0.0 0.0 0.00 
SP Spain 2208.2 2208.2 0.0 0.00 
JA Japan 2889.0 2889.0 0.0 0.00 
CA Canada 342.5 342.5 0.0 0.00 
EE E. Europe 2450.4 2450.4 0.0 0.00 
SU Soviet Union 1425.6 1425.6 0.0 0.00 
RW. RW 0.0 0.0 0.0 0.00 
P^ercentage increase cannot be calculated. 
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Table D.2. Impacts of US embargo on soyoil trade flows, 1979 
Base New 
Origin Destination solution solution Change Change 
(1000 MT) (1000 MT) (1000 MT) (?)  
US United States 4373.7 4373.7 0.0 0.00 
EC 0.0 0.0 0.0 0.00 
Canada 75.5 75.5 0.0 0.00 
E. Europe 0.0 180.7 180.7 (+)a 
Soviet Union 0.0 0.0 0.0 0.00 
India 0.0 418.8 418.8 (+) 
Pakistan 241.4 267.4 26.0 10.77 
RW 634.4 0.0 -634.4 -100.00 
BR Brazil 1307.4 1307.4 0.0 0.00 
EC 0.0 0.0 0.0 0.00 
Spain 0.0 0.0 0.0 0.00 
E. Europe 180.7 0.0 -180.7 -100.00 
Soviet Union 0.0 0.0 0.0 0.00 
India 422.1 3.3 -418.8 -99.22 
Pakistan 26.0 0.0 —26.0 -100.00 
RW 0.0 404.0 404.0 (+) 
AR Brazil 32.4b 32.4b 0.0 0.00 
Argentina 99.5 99.5 0.0 0.00 
EC 0.0 0.0 0.0 0.00 
E. Europe 0.0 0.0 0.0 0.00 
Soviet Union 0.0 0.0 0.0 0.00 
Pakistan 0.0 0.0 0.0 0.00 
RW 553.5 553.5 0.0 0.00 
EC EC 1650.3 1650.3 0.0 0.00 
Spain 0.0 0.0 0.0 0.00 
Soviet Union 0.0 0.0 0.0 0.00 
RW 336.8 567.1 230.3 68.39 
SP EC 0.0 0.0 0.0 0.00 
Spain 87.1 87.1 0.0 0.00 
E. Europe 0.0 0.0 0.0 0.00 
Soviet Union 0.0 0.0 0.0 0.00 
RW 432.7 432.7 0.0 0.00 
JA Japan 632.5 632.5 0.0 0.00 
RW 2.7b 2.7b 0.0 0.00 
CA Canada 77.7 77.7 0.0 0.00 
EE E. Europe 84.8 84.8 0.0 0.00 
SU Soviet Union 321.8 321.8 0.0 0.00 
IN India 134.9 134.9 0.0 0.00 
PA Pakistan 0.0 0.0 0.0 0.00 
RW RW 2.7 2.7 0.0 0.00 
P^ercentage increase cannot be calculated. 
'^Exogenously determined Trade flows. 
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Table D.3. Impacts of US embargo on soybean trade flows, 1979 
Base New 
Origin Destination solution solution Change Change 
(1000 MT) (1000 MT) (1000 MT) (?) 
US United States 34990.2 34941.8 -48.4 -0.14 
EC 10493.3 11764.6 1271.3 12.12 
Spain 2476.8 2476.8 0.0 0.00 
Japan 3864.8 3864.8 0.0 0.00 
Canada 0.0 0.0 0.0 0.00 
E. Europe 0.0 0.0 0.0 0.00 
Soviet Union 1222.8 0.0 -1222.8 -100.00 
RW 2200.5 2200.5 0.0 0.00 
BR Brazil 10786.0 9563.2 -1222.8 -11.34 
EC 0.0 0.0 0.0 0.00 
Spain 0.0 0.0 0.0 0.00 
Japan 0.0 0.0 0.0 0.00 
E. Europe 0.0 0.0 0.0 0.00 
Soviet Union 0.0 1222.8 1222.8 (+)& 
RW 0.0 0.0 0.0 0.00 
AR Brazil 99.8b 99.8b 0.0 0.00 
Argentina 3704.2 3704.2 0.0 0.00 
EC 0.0 0.0 0.0 0.00 
Spain 0.0 0.0 0.0 0.00 
Japan 0.0 0.0 0.0 0.00 
E. Europe 0.0 0.0 0.0 0.00 
Soviet Union 0.0 0.0 0.0 0.00 
RW 0.0 0.0 0.0 0.00 
EC EC 572.4 572.4 0.0 0.00 
RW 0.0 0.0 0.0 0.00 
SP Spain 306.0 306.0 0.0 0.00 
JA Japan 1055.9 1055.9 0.0 0.00 
CA Canada 560.0 560.0 0.0 0.00 
EE E. Europe 468.3 468.3 0.0 0.00 
SU Soviet Union 542.2 542.2 0.0 0.00 
RW RW 0.0 0.0 0.0 0.00 
E^xogenously determined trade flows. 
P^ercentage increase cannot be calculated. 
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Table D.4. Impacts of US embargo on soymeal trade flows, 1980 
Base New 
Origin Destination solution solution Change Change 
(1000 MT) (1000 MT) (1000 MT) (.%) 
US United States 17640.4 17640.4 0.0 0.00 
EC 0.0 0.0 0.0 0.00 
Spain 0.0 0.0 0.0 0.00 
Japan 158.7 158.7 0.0 0.00 
Canada 309.0 309.0 0.0 0.00 
E. Europe 290.0 1891.4 1601.4 552.21 
Soviet Union 868.2 0.0 —868.2 -100.00 
RW 8425.6 8425.6 0.0 0.00 
BR Brazil 3564.6 3564.6 0.0 0.00 
EC 6334.0 7097.8 763.8 12.06 
Spain 1856.0 0.0 1856.0 -100.00 
Japan 0.0 0.0 0.0 0.00 
E. Europe 0.0 0.0 0.0 0.00 
Soviet Union 0.0 0.0 0.0 0.00 
RW 0.0 0.0 0.0 0.00 
AR Argentina 359.4 359.4 0.0 0.00 
EC 0.0 1371.5 1371.5 (+)a 
E. Europe 1601.4 0.0 1601.4 -100.00 
Soviet Union 0.0 868.2 868.2 (+) 
RW 0.0 0.0 0.0 0.00 
EC EC 10184.4 8049.2 2135.2 -20.97 
Spain 0.0 0.0 0.0 0.00 
E. Europe 0.0 0.0 0.0 0.00 
Soviet Union 0.0 0.0 0.0 0.00 
RW 0.0 0.0 0.0 0.00 
SP Spain 795.8 2651.8 1856.0 233.22 
JA Japan 2958.0 2958.0 0.0 0.00 
CA Canada 837.2 837.2 0.0 0.00 
EE E. Europe 2665.4 2665.4 0.0 0.00 
SU Soviet Union 345.9 345.9 0.0 0.00 
RW RW 309.5 309.5 0.0 0.00 
P^ercentage increase cannot be calculated. 
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Table D.5. Impacts of US embargo on soyoil trade flows, 1980 
BASE New 
Origin Destination solution solution Change Change 
(1000 MT) (1000 MT) (1000 MT) (%) 
OS United States 4640.2 4640.2 0.0 0.00 
EC 0.0 0.0 0.0 0.00 
Canada 0.0 0.0 0.0 0.00 
E. Europe 0.0 0.0 0.0 0.00 
Soviet Union 241.4 0.0 -241.4 -10.00 
India 698.7 698.7 0.0 0.00 
Pakistan 0.0 218.6 218.6 (+)a 
RW 956.1 1144.1 188.0 9.66 
BR Brazil 1908.8 1908.8 0.0 0.00 
EC 0.0 0.0 0.0 0.00 
Spain 0.0 0.0 0.0 0.00 
E. Europe 0.0 0.0 0.0 0.00 
Soviet Union 0.0 241.4 241.4 (+) 
India 0.0 0.0 0.0 0.00 
Pakistan 218.6 0.0 -218.6 —10.00 
RW 659.5 390.6 -268.9 -0.77 
ÂR Brazil 14.4b 14.4b 0.0 —10.00 
Argentina 31.2 45.6 14.4 6.22 
EC 0.0 0.0 0.0 0.00 
E. Europe 0.0 0.0 0.0 0.00 
Soviet Union 0.0 0.0 0.0 0.00 
Pakistan 0.0 0.0 0.0 0.00 
RW 395.0 538.8 143.8 6.40 
EC EC 1709.2 1709.2 0.0 0.00 
Spain 0.0 0.0 0.0 0.00 
Soviet Union 0,0 0.0 0.0 0.00 
RW 602.1 121.0 
00 
-9.90 
SP EC 0.0 0.0 0.0 0.00 
Spain 189.2 189.2 0.0 0.00 
E. Europe 0.0 0.0 0.0 0.00 
Soviet Union 0.0 0.0 0.0 0.00 
RW 0.0 . 418.1 418.1 (+) 
JA Japan 626.7 644.1 17.4 2.77 
RW 17.3b 17.3b 0.0 —10.00 
CA Canada 186.0 186.0 0.0 0.00 
EE E. Europe 303.7 303.7 0.0 0.00 
SU Soviet Union 0.0 0.0 0.0 0.00 
IN India 84.1 84.1 0.0 0.00 
PA Pakistan 0.0 0.0 0.0 0.00 
RW RW 87.0 87.0 0.0 0.00 
P^ercentage increase cannot be calculated. 
^Exogenously determined trade flows. 
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Table D.6. Impacts of US embargo on soybean trade flows, 1980 
Base New 
Origin Destination solution solution Change Change 
(iOOO MT) (1000 MT) (1000 MT) (?) 
ns United States 46560.8 47482.2 921.4 1.98 
EC 13972.6 11289.4 -2683.2 -19.20 
Spain 1054.4 3386.7 2332.3 221.20 
Japan 3862.7 3852.7 0.0 0.00 
Canada 440.5 440.5 0.0 0.00 
E. Europe 0.0 0.0 0.0 0.00 
Soviet Union 570.5 0.0 -570.5 -100.00 
RW 0.0 0.0 0.0 0.00 
BR Brazil 15732.0 14359.5 -1372.5 -8.72 
EC 0.0 0.0 0.0 0.00 
Spain 0.0 0.0 0.0 0.00 
Japan 0.0 0.0 0.0 0.00 
E. Europe 0.0 802.0 802.0 (+)a 
Soviet Union 0.0 570.5 570.0 (+) 
RW 0.0 0.0 0.0 0.00 
ÂR Brazil 244.2% 244.2b 0.0 -100.00 
Argentina 2458.2 3504.4 1046.2 42.56 
EC 0.0 0.0 0.0 0.00 
Spain 0.0 0.0 0.0 0.00 
Japan 0.0 0.0 0.0 0.00 
E. Europe 802.0 0.0 802.0 -100.00 
Soviet Union 0.0 0.0 0.0 0.00 
RW 0.0 0.0 0.0 0.00 
EC EC 17.0 17.0 0.0 0.00 
RW 0.0 0.0 0.0 0.00 
SP Spain 14.0 14.0 0.0 0.00 
JA Japan 1292.3 1292.3 0.0 0.00 
CA Canada 687.0 687.0 0.0 0.00 
EE E. Europe. 336.7 336.7 0.0 0.00 
SU Soviet Union 0.0 0.0 0.0 0.00 
RW RW 388.9 388.9 0.0 0.00 
P^ercentage increase cannot be calculated. 
b 
Exogenously determined trade flows. 
